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Iiitrodiiction.

Some tbree years ago, it was suggested to me by Prof. Ray
Lankester, that an investigation into tbe conditions of life in marine

Aquaria, especially witb reference to tbe cycle of cbanges undergone

by tbe nitrogenous matter excreted into tbe water, and also as to

the effects of aeration, migbt afford results of botb tbeoretical and

practical importance. Tbe work I tben bappeued to be engaged

upon, concerning tbe »Effects of Environment on tbe Development

of Ecbinoderm Larvse«', bore very closely on tbese questions, but I

bave not bad an opportunity to continue tbese experiments, and

extend tbem in tbe particular direction suggested by Prof. Lankester,

until tbe present time.

Tbe problem of tbe maintenance of marine aquaria in a state

of equilibrium by tbe iutroduction of various forms of plant life, to

remove tbe carbonio acid and nitrogenous matter excreted by tbe

animals, is no uevv one. Sucb au aquarium on a very small scale

appears to bave been first successfully maintained by Dr. Johnston 2,

as early as tbe year JS42. Subsequently Warington^, by tbe iutro-

duction of bealtby pieces of various algse, as tbe Ulvse, Enteromorpba)

and Cladopborse, whicb bad carefully been left in contact witb tbe

nodules of flint or cbalk from wbicb they were growing, found it

possible to maintain a state of equilibrium between the animai and

vegetable life in a small tauk for montbs, or even years. It was

of course necessary to add a little distilled water from time to time,

to counteract tbe effects of evaporation, but otberwise no renewal of

tbe sea-water was required. Almost simultaneously witb Warington's

experiments, similar attempts at maiutainiug marine aquaria were

made by P. H. Gosse •. Red weeds, especially Chondrus crispus,

Iridea eduKs and tbe Delesserise, were found by bim to be more

favourable tban tbe green weeds, but be did not at first find it

possible to maintain bis aquarium for more tban a montb or two at

a time witbout tbe iutroduction of fresb supplies of sea-water. Sub-

sequently however, by tbe Substitution of green weeds for red, he

1 Phil. Trans. 1895. B. pag. 577.

~ History of British Sponges and Lithophyte.s. 1842.

3 Gardeners Botanica! Matjazine and Garden Companion. Jan. 1852. also,

Ann. Mag. N. H. (2) Vol. 12 185;^ pag. 319 and Vol. 14 1854 pag. 366.

4 Ann. Mag. N. H. (2) Vol. lü 1852 pag. 263.
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was able to maintaiu an aquarium with the sea-water uuchanged

for months K

An inquiry into the conditions and inter-relations of marine animai

and vegetable life bas thus a veiy practical bearing, but, quite apart

from this, it is of interest to know somethiug of the processes taking

place on a vast scale in the open sea. What are the most eifective

agencies in the removal of this nitrogenous waste material excreted

by the animals, and under what conditions do they act? Are they

chiefly or almost wholly of a vegetable nature, or are other important

factors at work? Such are the questions it is bere attempted to

answer.

Method of Experiment.

In the present inquiry it was found necessary to attack the

problem from a triple standpoint, from the chemical, the physiological,

and the bacteriological. The physiological part of the research

consisted in the continuation of the method described in the above

mentioned paper. In this method, the larva; of the sea-urchin

Strong^jlocentrotus lividun, which are readily obtained from artificial

fertilisations, are grown in the various specimens of water, obtained

under various conditions, and then after eight days' growth are killed

and preserved, and measured in series of fifty under the microscope.

From the mean size of the larvai obtained under these various con-

ditions, as compared with that of the larvai obtained on growth under

normal conditions in ordiuary tank water, it was possible to deduce

conclusions as to the purity or otherwise of the water under examina-

tion. In every case two measurements of each larva were made,

namely of the body length, and of the aboral arm length. These

latter were then always calculated as percentages on the former.

The mean values obtained for these measurements are given in the

table at the end of the paper. They are given in scale units of the

micrometer eyepiece. If it be desired to reduce them to millimetres,

they must be divided by 152.3. In the table it will be seen that

altogether 140 series of measurements, each comprising fifty larvse,

were made. The few experiments marked with an asterisk were

made upon the larvse of Sp//fsrec//inus or Eclimus^ and not those of

Strongìjlocentrotus. In addition to measuring the size of the larvse,

the numbers of ova used in each case, and the number of blastulse

* The Aquarium 1854 pag. 13.

23*
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which had developed therefrom after twenty-four liours' growth were

always carefully counted. This coiiuting was done very simply by

thoronghly stirring iip tlie jars of water containing the ova and

blastulae, and then withdrawing 3 cc. of tbe water with a pipette,

and rimning it into a small glass cell, into wbicb a single drop of

saturated corrosive sublimate had previously been introduced. A cover

slip was then slid on the top of the cell, and after waiting a few

minutes to allow the ova and blastulai to settle, it was fixed in a

mechanical stage, and its whole area worked carefully through under

the field of the niicroscope. By making these observations after

twenty-four hours' growth, one can determiue at the sanie time botb

the number of blastula and the uumber of ova which have remained

unfertilised, or have not developed uormally to the blastula stage.

In each case two separate couutings were made, and a mean taken.

If these two values differed at all largely, a third counting was

made. In the table at the end of the pa})er are given in each case

the number of ova present in 10 cc, the percentage numbers of these

ova which had developed to the blastula stage after twenty-four hours

growth, and the number of plutei formed after eight days growth.

These latter numbers are also the means of two separate countings,

made in a similar mauner to those of the ova and blastulse. For

further details as to the inethod of making and carrying out these

artificial fertilisations of Echinoid ova, the paper mentioned above

may be cousulted.

The chemical side of the investigation consisted in making

determinations of the free and the organic or so-called albuminoid am-

monia present in the various specimens of water. The method adopted

was that of Wanklyn and Chapman*. It consisted in distilling half

a litre of the water under examination, and collecting the distillate

in tali cylindrical glasses in separate volumes of 50 or 100 cc. To

each 50 cc. of distillate, 2cc. of Nessler's reagente a strongly alkaline

solution of mercurie iodide in potassium iodide, is added, and the

brown colouration thereby produced determiued in terms of a standard

solution of ammonium chloride, to whieh the Nessler reagent has

also been added. This comparison was made b}^ means of a

colori meter. The tube containing the distillate was allowed to

stand on a glass piate, and dose by it a similar but graduated tube,

in which, by means of a tubulure near the bottoni, the height of the

1 Water Analysis. lOf' Ed. pag. 33.
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standard solution could be varied at will. White liglit was reflected

up the tubes by means of a porcelain piate placed at an appropriate

angle underneath the glass piate, and the two tubes were viewed

from above through a mask with two cireular holes in it. The

amount of ammonia present could thus be determined far more readily

and more accurately than by the method adopted by Wanklyn and

Chapman, in which separate standard Solutions of various strengths

bave to be made up, until oue of the same degree of colouratìon as

the solution under examination is hit upon. After 200 ce. bave been

distilled off the 500 ce. of water, whereby ali the free ammonia present

is removed, 50 ce. of a strongly alkaline solution of potassium per-

manganate solution is added, and a further 150 ce. distilled off. This

distillate contains the so-called albumìnoid or organic ammonia present

in the water. It was fouud by Wanklyn and Chapman ^ that most

organic substances such as egg albumin, gelatin and amylamine

Compounds, yield, on distillation with alkaline permanganate solution,

the whole or a large part of the nitrogen they contain, in the form

of ammonia. This method therefore gives one a fair criterion of the

amouDt of organic impurity contained in the water. The amount of

free ammonia present at the same time also affbrds confirmatory

evidence as to the degree of contamination present. Nevertheless, the

method is not to be regarded as a ver}^ exact one, or as affording

an absolute measure of the degree of organic impurity. Thus, for

instance, it was found that in oue case when a specimen of water

was distilled 2.3 times more slowly than usuai, the amounts both

of free and organic ammonia were increased by some 10^. At the

same time the method is probably the simplest and best one available

for estimating the quality of a water. It was not thought worth

while to make other determinations, as of the amount of oxygen

used up on the addition of excess of dilute permanganate solution,

as the results thereby obtained add but little to those yielded by the

ammonia process.

The bacteriological side of the investigation consisted merely

in making gelatin piate cultures of the various specimens of water,

and counting the number of colonies present after the cultures had

been kept 24 and 48 hours in a moist Chamber.

This research naturally divides itself into two parts: the puri-

fication of water by vegetable lite, and the fouling of water by

animai life. The former will be dealt with first.

» ibid. pag. 182.
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Part 1. The Puriflcation of Water l>y Tegetable Life.

The Effects of Algie on the Purification of Water.

a. The Effects of Ulva latissima.

As the observers above mentioned foimd that equilibrium conld

be obtained in marine aquaria by the introduction of vegetable life

in the form of growing algie, it was natural that the pnrifying effects

of plant life upon sea-water should first be studied. A series of

experiments was therefore made upon the influence of Ulva latissima^

which has been found so favourable by other iuvestigators. In order

to determine the effects of the alga upon the ammonia present in

the water, a piece of the Ulva^ attached to a stone, was placed in

a covered jar holding about 3Y2 litres of sea-water, and this was

exposed to diffuse daylight at a temperature of about 21" C. The

Ulva was present in the proportion of about 12 Square centiuietres

per litre of water, and when any water was removed from the jar

for analysis, a corresponding quantity of the weed was removed at

the same tinie. Analyses of the water from time to time gave the

following results.
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In the experiments thiis far described, the larvae were allowed

to grow in water previoiisly exposed to the action of the alga.

Another series was made, in which pieces of Ulva were added to

the water in which the fertilised ova were developing, and in which

therefore the larvie were in direct relation to the alga throughout

their growth. The resiilts obtained are given in the table.

Number
of



The Relations between Marine Animai and Vegetable Life. 349

does not at ali times aud under ali conditions afford a just criterion

as to the effects of a particulav water, wliether favourable or otlier-

wise, upon the growth of animai lite in general. Thus in the third

eoluniu of the above table are given the percentage numbers, on the

ova used, of the larvfe which survived to eight days' growth. It will

be seen that in ali but the last exi)eriment in the table, in which

the amount of Ulva present was excessive, 69^ and upwards of the

ova developed into full grown larvje. Now as a mean of the sixteen

experiments made from tinie to time during the course of six months

with larva' growing in normal tank water under average conditions,

it was found that only 66.6 «i; of the ova used developed into fuU^

grown larvse. As in the present series, excluding the last experiment,

it is found that on an average 86^ of the ova so develop, it follows

that the addition of moderate amounts of Ulva has caused about

20^ more of the ova to develop to maturity.

One or two other observations hearing on the effects of Ulva

may bere be cited. Thus in Exp. 67 a mollusc, CeritJiium vulgatum^

weighing 6.2 gni, and with about Ssq.cni. of Ulva growing from its

shell, was placed in two litres of water containing fertilised ova.

The amount of Ulva was insufficient to absorb ali the ammonia

excreted by the mollusc, as after eight days the amounts of free and

organic ammonia present were respectively 1.295 and .181 mgm. per

litre, as compared with the .528 and .296 mgm. present in the case

of larvie grown under normal conditions. Nevertheless the larvai

grown in company with the mollusc were ouly .^% smaller than the

normal. Again, in Exp. 109, a similar mollusc, weighing 5.6 gm., and

with 15sq.cm. of Ulva growing from its shell, was placed with the

fertilised ova in 21/2 Htres of water. The resulting larvse were 3.6^

smaller than the normal. In Exp. 110, however, in which the ova

were allowed to develop with another mollusc of the same species,

weighing 6.5 gm., but without any Ulva growing from its shell, the

resulting larva3 were 12.6^ smaller than the normal. The presence

of the Ulva seems therefore to bave made a differeuce of ^% in the

size of the larvse.

b. The Effects of Other Kinds of Algse.

As has already been mentioned, Gosse was able to keep other

algse, such as certain red weeds, alive in bis aquaria, and he at

first thought them to be more favourable than the green weeds.

Warington also succeeded perfectly in growing red weeds in his
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aquariai, but be foimd tbat for tbis purpose it was necessary to

diminisb tbe ligbt to which tbey were exposed by means of green

or blue sbades.

In tbe present series of observations , the red weeds did not

appear to keep in sucb a bealtby state as was tbe case witb Ulva^

and at tbe end of eight days tbe tips of tbe fronds were generally

tiuged witb orange, a sure sign of decay. Tbis was not tbe case in

tbe followiog experiment bowever, in wbicb a frond of Gelidium^

2 grams in weigbt, wbicb was attacbed to a small piece of stone,

was placed in a jar of 3Y2 litres of water. Aualyses of tbis water

were made frorn tioie to time, tbe amount of weed being diminisbed

proportionally to tbe water reraoved.

Free NH3 Organic NH3

Originai water .314 mgm. .139 mgm.

After 4 days .421 .176

- 11 - .223 .153

- 21 - .171 .245

- 28 - 069 .426

From tbese analyses it would seem tbat tbe red weed was able,

after acting for some days, to slowly absorb some of tbe Iree ammonia

present. It is possible, bowever, tbat tbis apparent absorption was

due to tbe diatoms and alga? wbicb bad begun to multiply in tbe

water on standing. Tbe organic ammonia gradually increased in

amount, as was tbe case witb Ulva. After 21 days, tbe relative

weigbt of tbe Gelidium was increased, it now being .8 gm. in only

700 ce. of water. It also began to sbow signs of decay, but, never-

tbeless, tbe free ammonia was absorbed witb greater rapidity, whilst

tbe organic ammonia more rapidly increased.

As in tbe case of Ulva, a few observations were made in wbicb

the water was exposed to tbe action of the alga previous to the intro-

duction of the fertilised ova. They gave the following results.

Number

of

Expt.

Weight of alga per litre
"/oLarvse

formed

o/o Variation

in Size of

larvae

o/o Variation in amount
of

free HN3 organic NH3

94

132

95

96

1.0 gin. of Gelidiuììi corneum

.6 gm.

2.0 gm. of Dudresìiaya lìurpurifera

.7 gm. of Dictyota

91

87

13

92

— 4.1

± 0.0

—18.1

— 6.8

1 Ann. Mag. N. H. (2) Voi. 14. 1854 pag. 371.

+
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In each of these experiments the alga was allowed to act l'or

four days. In every case but oue the water was rendered very

harmful to the growth of the larvte, as far as size was concerned,

but in three out of the four cases the actual number of larvte

developing was considerably larger than the normal. Probably the

increase in the amount of ammonia present, as determined after four

days exposure to the action of the alga, is sufficient to account for

the diminished size of the larvai. The organic aramonia seems to

exert the most harmful iniluence. Thus in Exp. 95, in which it was

179^ greater than that in the normal water, the larvai were

diminished by 18.1X-

Experiments were also made in which the fertilised ova were

allowed to develop in contact with the alga. The results obtained

are given in the follo wing table.

Number

of
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thought possible that a combinatiou of small quaiitities of green and

red weeds together might bave a favourable effect upon the growth

of the larvai. In Expts. 68, 133 and 42 are given the results obtained.

Here it will be seen that in oue case the larvie bave increased 3.6^

in size, and in the other two sligbtly dimished. The percentage

number of ova reaching the larvai stage is, however, greater than the

normal, and hence on the whole the eftect appears favourable, in

spite of the ammonia present having as a rule increased. In the

last experimeut in the table, made with the branching green weed

Dictyota^ the larv;e were 3.1^ snialler than the normal, probably

owing to the fact that the alga had got into an unhealthy condition

towards the end of the experiment.

The observatious on red weeds were not continued, because of

the difficulty of getting them to live in good condition. In some cases,

as in experiments 42, 90, 92 and 133, pieces of weed attached to

stones were obtained, bat this seemed to make no difference. In the

case of Ulva^ the alga appeared to remain equally healthy, at any

rate for eight days, whether it was attached to a stone or not. Thus

in Expts. 39, 41 and 42 pieces of the alga growing from stones, and

in the other experiments torn off pieces, were used.

A compari sou of the effects of green weeds such as Ulva^ and

of red weeds such as GeUdium, upon the purification of the water

and the growth of larva;, obviously speaks much in favour of the

Ulva. Thus this alga rapidly removes the free ammonia present in

the water, and probably under certain conditions may diminish the

organic ammonia. Also it seems to keep in a healthy condition

much more readily. Red weeds on the other band, though they seem

in some instances to exert a favourable influence on the growth of

the larvic, increase the ammonia present in the water, and are

moreover exceedingly diftìcult to keep in a healthy condition.

The Effects of Diatomace« and minute Alg?e.

a. The Effect of Filtration through Sand.

Filtration through sand is the method most frequently adopted

for the purification of fresh water for drinking purposes. Until com-

paratively recently, this piirifying action was looked upon as a

raechanical one, but K. Kocii has shown' that it must be attributed

1 Zeit. Hyg. 14. Bd. pag. 395.
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to the layev of slime or zooglcea which gradually forms od the suv-

face of the sand, as a deposit from the filteving- water. Thus it is

known that a fresh sand hlter takes several days to attaiu its full

filtering effìciency.

In order to try the effect of such filtration on the Aquarium

tank water, a stream of water was allowed to run slowly, at a rate

of about two litres }3er hour, through a layer of moderately eoarse

sand 14 cm. in depth, and of about 100 sq. cui. superficial area. The

sand used in this experiment had been taken from one of the tanks

in the Aquarium. The follo wing was the change in the composition

of the water.

Free NH3 Organic NH3

Before filtration .268 mgm. .165 mgm.

After filtration .017 .136

That is to say, by simple filtration through sand, no less than

94^ of the free ammonia present in the water, and 18^ of the

organic ammonia had been removed! It seemed impossible that such

purification could be due merely to mechauical filtration. That this

was obviously not the case was proved by a microscopical examination

of the sand. It was theu fouud that every grain of sand was covered

with a thiu layer of structureless particles of alga, and bere and

there with diatoms. The removal of the ammonia must bave been

due to this vegetable agency. That this was so was confirmed by

another experiment, made with some of the sanie sand, which had

nowever been left stagnating in a jar of water for ten days, and

which probably on this account did not act so efficiently. Thus ou

filtering water through a layer of this sand, 11 cm. in depth, 79^
of the free, and 37^^ of the organic ammonia, were removed. Some

of this sand was then heated to 70° C. with sea-water, by which

means ali the vegetable life present was killed. It was then washed

several times, to remove as much of the dead vegetable debris as

possible. On filtering water through a layer of this water sand, 7 cm.

in depth, so far from the ammonia present in the water being

dimiuished, it was found that the free ammonia had increased 18^,

and the organic ammonia 272^;, or nearly four fold.

With a view to making a more accurate estimate of the conditions

of water purification by sand, an apparatus consisting of a large

inverted tubulated bell-jar was set up. Over the tubulure of the

bell-jar was placed a small porcelaiu sieve, and on the top of this

a small inverted glass dish. The bell-jar was theu fiUed to a depth
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of 16 cm. with the Saud under examination, and a stream of water

allowed to flow in from above. The sieve and dish over the tubulure

entirely prevented any sand from being carried away by the curreut

of water. The depth of water wheu the bell-jar was full was 12 cm.

The diameter of the jar was 15 cm., thus giving* a superficial area

of about 177 sq. cm. of sand. Through this apparatus, and another

of exactly similar construction, currents of water were allowed to

flow continuously for several weeks, the entering- and outflowing water

being analysed from time to time. The following results were

obtained for filtration through fine saud, which had been kept

stagnating in a small tank in the Aquarium for some weeks, and

which was impregnated with but small quantities of diatoms and

sdgsb.

Day of

Expt.
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On the left side of this table are given the results obtained

when the water was allowed to flow through at its maximum rate,

whilst in those given on the right side, the oiitflow tube was clamped

in varying degrees. Froni this table it will be seen that during the

first week of the experinient only about half of the free ammouia

was removed from the water. At the end of the second week,

however, as much as 96^ was removed. The values for the organic

ammonia removed show a most striking inerease in amount from

day to day, only \1% being removed on the first day of the experiment,

and as much as ^\% on the fifteenth. On the 22"*^ day of the ex-

periment the eurrent of water was by inadvertence stopped from

running through the sand for twenty-four hours. This had a very

harmful effect on the purifying capacity of the sand as far as the

organic ammonia was concerned, but this capacity began to return

somewhat after a few days. Also the maximum rate at which the

water would flow through the sand was diminished some threefold.

This was due to the thin layer of diatoms and alga.', which was

gradually being formed on the top and in the interstices of the sand

by deposition from the eurrent of water, being partially killed and

transformed into a more cobesive and homogeneous layer. Thus on

the 26*^ day of the experiment, a number of small holes were made

through this vegetable crust on the top of the sand by means of a

needle, whereby the rate of flow of the water was increased three-

fold for the next few days. As these small holes became filled up

however, the rate of flow gradually became almost as slow as before.

Accordingly on the 36''' day of the experiment, after collecting and

analysing some of the outflowing water, the crust on the top of the

sand, consisting of a layer about 2 mm. thick, was scraped away,

and the water now ran through at the rate of 1 litre in 2 min., instead

of 1 litre in 972iniu-; moreover, as may be seen from the figures in

the right half of the table, the water when running through at this

increased rate, and without the influence of the vegetable crust on

the top of the sand, was if anything more purified than before. Thus

though 8^ less of the free ammonia disappeared, yet \1% more of

the organic ammonia did so. It seems somewhat extraordinary that

the removal of the vegetable crust on the top of the sand, which

was imagined to be the chief cause of the purification, should bave

produced a favourable rather than an unfavourable efi'ect. The

continued purifying efficiency of the sand must bave been partly due

to the layer of diatoms and algse which could be seen collecting
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round the sides of the bell-jar, where of course the sand was exposed

to daylight, but it would seem to have also been due to the action

of baeteria or other oi'ganisms contaiued in the sand. Thus ou the

42"*^ day, when the rate of tìltration had agaiu become considerably

slower, and the purifying power of the fìlter somewhat less, the whole

apparatus was covered np with black paper, so as to prevent any

trace of light reachiug the sand. It was kept in this condition tili

the termiuation of the experiment, 25 days later. During this time

the rate of filtration gradually became slower and slower, tili at last

only about one litre per hour ran through. The purifying action of

the filter if anything increased however, though the amount of organic

ammonia removed never reached so high a level as when the filter

was exposed to light. That this purification was due to other than

Chlorophyll containing organisms, would necessarily follow froni the

absolute exclusion of light. It was proved also by a microscopical

examinatiou of the top layer of sand, which showed that these were

no longer present. A still further proof that these Chlorophyll con-

taining organisms took no part in the process is afiforded by the

series of experiments given in the right half of the above table.

From these it may be seen that in each of the three instances where

the rate of tìltration was so diniinished that a litre of water took

fifty miuutes or more to run through, the free ammonia in the water

was increased some three- or fourfold, though the organic ammonia

was but slightly affected. Now it may be seen in the above table,

that with the filter excluded from light, water running through at

the rate of a litre in 47 minutes had 94^ of its free ammonia

removed, and 19^ of its organic ammonia; and that when on the

(56*^^ day, by clamping the outflow tube, the water was made to filter

through at only a litre in 2 hrs. 50 min., the purification was still

nearly as great. Even the water drawn off at about the same rate

on the next day, immediately after the flow of water through the

filter had been entirely stopped for ten hours, was just as purified

in respect of its free ammonia, though none of its organic ammonia

had been absorbed. In fact, it would seem that within certain limits,

with the sand excluded from light, the slower the rate of filtration

the greater is the efficiency of the filter. On the other band, with

sand impregnated with Chlorophyll containing organisms, the quicker

the rate of filtration, the better the purification. Thus in the ex-

periment made on the lö*"" day, considerably less ammonia was

removed when the rate of filtration was diminished from a litre in
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3' 50" to a litre in IT 20", and stili less wlien cleeveased to a litre

in 28'. It sbould be mentìoned that, before collecting tbe samples

used for these analyses, tbe water was allowed to filter at tbe same

slow rate for several bours previously. With reference to fresb water

sand filtration , Koch bas sbown ' tbat to obtaiu water containing-

less tbau 100 germs })er ce., tbe rate of filtration must not be more

tban 100 mm. per bour. Calculated for tbe filter at present under

discussion, tbis would correspond to a rate of 1 litre in 34'. Tbe

New River Company, on tbe otber band, filter tbeir water 2 at a rate

corresponding to 1 litre in 22'. Tbese rates of filtration were bowever

determined witb reference to tbe removal of as many germs from the

water as possible, and not to tbe niost efficient removal of tbe

ammonia.

Simultaneously witb tbe above series of observations, anotber

was made ou tbe filtering capacities of a specimen of sand whicb

bad been dug u}) from tbe sea sbore, at a deptb of a metre beneatb

tbe surface. It could obviously tberefore be uncontaminated witb

any vegetable growtb of a cbloropbyll containing nature. Tbe results

obtained with tbis sand are given in tbe accompanying table. As

before, tbe layer of sand was 16 cm. tbick, and of 177sq.cm. super-

ficial area.

Day (if

Expt.
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removal of suspended organic matter. After a week's filtration

however, the sand had becorae impregnated with enougb vegetable

growth to remove a quarter of the free and an eigbth of the organic

ammonia, whilst after a fortnight three quarters of the free and a

third of the organic ammonia were absorbed. As in the previous

case, the cessation of the current of water for twenty-four hours on

the 22"'^' day of the experiment caused a great diminution in the

absorption power of the sand for organic ammonia, though the free

ammonia was removed more efficiently than betöre. The rate of

filtration of the water was also diminished more than threefold. On

the 29*'' day of the experiment, after collecting and analysing a

specimen of the water, the top half centimetre of the sand was

scraped away, and the outflowing water again analysed. It now

fìltered tbrougb tbree times more rapidly than before, but was just

as efficiently purified of its free ammonia. Another layer of sand,

two centimetres in depth, was then removed, and the water again

analysed. Its purifying action on the free ammonia was now

considerably less than before, but this may bave partly been due to

the greater rapidity of the filtration. As in the previous series of

observations, this continued purifying capacity of the sand could

scarcely bave been entirely due to the layer of diatoms and algte

with which the sand exposed to the light at the sides of the bell-jar

was impregnated. Bacteria or other organisms deposited in the sand

itself must bave effected some of it. As before, the effect of diminishiug

the rate of filtration was also determined. In that, owiug to the

presence of much smaller quantities of vegetable growth, the purifying

capacity of this filter was much less, so one would expect, on a

slowing of the current, that the increase in the amount of ammonia

added to the water by the decomposition taking place in the vegetable

growth would also be smaller. Such is actually the case. Thus on

the eighth day of the experiment, with a very slow rate of filtration,

the free ammonia was increased by only 33^; and on the 15*'' day,

by only 76^, instead of the 200^ and upwards observed in the

former case.

In addition to testing the purification of the water by chemical

means, it was tested physiologically by observing its efifects on the

growth of larvse. The following were the results obtained.
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Number

of

Expt,

Nature of sanil nsed
Time of

fìltratioii

of 1 litre

»/o Variation in
amount of

freeNHaj -jf^-

Vo

Larvas

formed

Variation

in Size of

larvae.

55

63

64

65

99

100

101

123

124

125

126

Coarse Aquarium sand 30' 0"

Same sand kept stagnating lOdays 22' 0'

Samesand previouslyheatedto 70° C.i 30' 0"

20' 0"

3' 15"

3' 30"

l'45"

4' 0"

1
h 20'

8' 15"

2' 40"

Fine Aquarium sand

Stagnant Aquarium sand

Surface shore sand

Shore sand 1 metre below surface .

Aquarium sand

Same sand

Shore sand 1 metre below surface .

Same sand with top crust removed

— 94

— 79

+ 18

— 13

— 56

+ 185

— 12

— 87

+ 358

— 87

— 89

— 37

+ 272

— 30

— 10

— 4

— 6

— 5

+ 12

— 6

— 6

100

100

80

98

54

8

58

72

88

100

+ 6.2

+ 5.1

(+ 1-3]

+ 5.4

+ .6

+ 4.7

(+1.8)

+ .7

+ 2.0

+ 8.5

+4.2

In every experiment given iu this table it will be seen that the

filtration of the water through sand had a favourable influence on

the growth of the larvai, and also that in the great majority of cases

the percentage of ova which developed to eight days Plutei was

greater than the normal (i. e. 66.6^). To discuss individuai ex-

periments, we see that in the first one given in the table, in which

the water was filtered through coarse sand taken from one of the

tauks of the Aquarium, whereby nearly ali the free ammonia was

removed, the larva) were 6.2 ^^ larger than the normal. Larva) grown

in water filtered through some of the same sand, which had however

been kept in a jar of water ten days, were increased oA% in size.

In the next experiment. No. 64, in which the water was filtered through

some of this sand which had been heated to 70" so as to kill the

vegetable growth in it, the larvai were slightly increased in size, in

spile of the orgauic ammonia present beìng nearly quadrupled. This

favourable effect was probably in part due to the mechanial removal

of suspended organic matter from the water, and in part, as we shall

see later, to the removal of bacteria. In the next experiment in the

table, No. 65, a fine sand fresh from one of the Aquarium tanks was

used, and the larvse grown in the water filtered through it were

increased hÄ%. In Exp. 99, in which a sand which had been

stagnating some time in a small tank was used, the larvìe were

only very slightly affected. In Exp. lUO an impure sand from the

sea shore near the harbour was used, and the ammonia in the water

24*
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filtered through it was largely increased. Nevertheless the larvse were

increased A.l % in size. In Exp. 101 sand dug up a metre below

the surface of the sea shore was used. This sand contained no vege-

table growth, and must have acted on the water as a mechanical

filter pure and simple. The larvse grown in the water filtered through

it were 1.8^ larger than the normal, and henee it may reasonably

be concluded that when in the other experiments the larvse were

increased in size to a greater extent than this, the additional growth

was due to an actual chemical purification to the water, as distinguished

from a merely mechanical one. In Expts. 123 and 124 the water

was filtered through the apparatus, described above, which contained

sand taken from the Aquarium, whilst in Expts. 125 and 126, as also

in the above mentioned Exp. 101, it was filtered through a similar

apparatus containing sand from a metre below the surface. The

samples of water used were collected on the 29*'' day of the above

described experiments. In Exp. 123, in spite of the fact that 86^
of the free ammonia was removed, the larvse were only very slightly

increased in size; not so much in fact as in Exp. 124, in which,

owing to the slowness of the filtration, the organic ammonia was

slightly increased in amount, and the free ammonia more than

quadrupled. These apparently contradictory results, as the evidence

adduced later on would suggest, may perhaps be ascribed to bacterial

action. In Expts. 125 and 126 on the other band, the larvse are

considerably increased in size. Thus in Exp. 1 25, in which the water

filtered through rather slowly, owing to the formation of a vegetable

crust on the top of the sand, the larvse were increased 8.5^ in size.

In Exp. 126 the water filtered through much more rapidly, as this

top layer of sand, to a depth of half a centimetre, was scraped

away. The apparent purifying efifect on the water was however even

greater than before, bat the larvse were increased by only 4.2^, or

less than half as much as before. It should be noted that in all

these four last experiments the number of larvse developing from the

ova was much greater than the normal, it being on an average %! %

.

As a general re sul t therefore it may be concluded that by

filtration of the water through sand impregnated with vegetable

growth, it is not only rendered chemically much more pure, but, as

far as can be judged by the growth of these Plutei, physiologically

purer as well. At the same time it must be admitted that as far

as the results given in the above table can show, there is no general

and Constant relation between the degree of chemical purification
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effected, and the ,physiological' purity. lu Expts. 100 and 124, in

whicb the free ammonia in the water was largely increased in aniount,

the larva3 were nevertheless appreciably increased in size, whilst in

Expts. 99 and 123, in which it was very largely redueed, the eifect

was practically nil. We can only conelude, froni this want of nni-

formity in result, that there is another factor present, which thus far

has not been taken into account. This factor, as will presently be

made evident, is in ali probability of a bacterial nature.

b. The Effect of keeping the Water in Diffuse Daylight.

As has been shown above, a vegetable growth is gradually

deposited on sand through which a stream of water is allowed to

fìlter. It follows therefore that the water itself contains small

quantities of algae and diatoms in Suspension. In order to determine

something further as to the purifying capacities of these minute

quantities of vegetable matter upon the water, and as to the rapiditj:

with which they can act, a large covered jar of the ordiuary Aquarium

water was allowed to stand in a room where it was exposed to no

direct sunlight. The chemical analyses made from time to time gave

the following results.

Free NH3 Organic NH3

Originai water .223 mgm. .134 mgm.

After 10 days .134 .171

- 25 - .017 .269

- 33 - .010 .227

These fìgures show that the free ammonia present in the water

is very rapidly removed by some agency or other, only about \%
of it being left after 33 days exposure to diffuse light. The organic

ammonia on the otber band is considerably increased, it being double

its originai amount after 25 days exposure. That these striking

variations in the composition of the water are due chiefly, if not

entirely, to a vegetable agency, is rendered probable by the fact that

after the water had been standing a few days, small patches of

vegetable growth, some of them bright green, and others purple

brown in colour, began to forni on the sides of the vessel, and these

patches steadily increased in size as the experiment continued. On

microscopical examination, this growth did not appear to be of a de-

finite character, but in the deposit at the bottom of the jar there were

a few remains of diatoms. As the jar containiug the water had been
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very carefully washed out })revious to its introduction, this vegetable

growth must bave arisen from the water itself. The comparatively

quick purification of the water must have been due to the rapid

increase of the originally very small quantities of vegetable growth

present.

In another experiment, of a sirailar nature to the above, the

following results were obtained.

Free NH^ Orgauic NH^

Original water .146 mgm. .114 mgm.

After 13 days .139 .112

- 24 - .048 .144

- 36 - .008 .161

- 50 - .030 .195

In this case the rates of diminutiou of the free ammonia on the

one band, and of increase of the organic ammonia on the other, are

not nearly so rapid as in the previous instance. This was probably

due to the water baving contained less vegetable matter, for the

growth deposited on the sides of the jar was very much smaller in

amount. Microscopical examination showed it to consist eutirely of

diatoms, and a small amount of structureless greenish brown alga,

and not any of the bright green or purple alga noticed in the previous

instance. The temperature of the water during the experiment was

about 20" to 23° in the former instance. In the present case it was

about 25° for the first three weeks, then about 20° for the next fort-

night, and about 17° for the remainder of the time. As far as this

factor is concerned therefore, one would expect the rate of purification

to be more rapid in the second experiment than in the first, the

growth of the Vegetation being presumably more rapid at a higher

temperature.

The results obtained on the growth of larvai in water which

had been exposed to diffuse light agreed with the chemical analyses

in proving that a marked purification of the water had taken place.

Thus in Exp. 73, the fertilised ova were allowed to develop in some

of the water obtained in the first of the above experiments, after

33 days exposure. They proved to be no less than 1\A% larger

than those grown in normal Aquarium water! However, the favourable

effeet was not so pronounced as one might be inclined to judge from

this increase in size, as only 35^ of the ova used, or about half

the normal number, developed into eight days larvai. In Exp. 129

on the other band, in which was used some of the water obtained
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in the second of the above experiments after 27 days exposure,

1\% of the ova developed to larvse, but these larvse were only

hA% larger than the normal. These observations serve to prove

therefore, that on exposure of the water to diffuse light for some

days or v^eeks, a very considerable puritication, as judged by both

chemical and pbysiological Standards, is effeeted by the rapid growth

and multiplication of the small quantities of vegetable matter in

Suspension in the water.

The Influenae of Bacteria on the Purification of Water.

a. The Effect of Sunlight.

In the experiments just described, the water was exposed only

to diffuse light. The effeet of exposure to direct sunlight was also

determined. In two series of observations, a layer of water about

12 cm. in depth was plaeed in a large covered glass jar, whereby a

considerable surface of water was exposed to the air. This jar was

exposed the whole day to direct sunlight. Analyses of the water

from time to time gave the following results.
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for analysis, the remainder was put into a smaller flask, so tbat there

was still very little exposure to the air. The results of the chemical

analyses were however practically the same as before.
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From this table one may see that whilst on an aveiage larvai

grown in water which had been exposed to sun aud air are prac-

tically unaffected, those growu in water exposed to sun only are

increased in size by from 14.6^ to 18.0^. The percentage numbers

of ova developing to larvse differ to alraost as marked an extent.

Thus in the one case on an average only \\%i or, if the experiment

in which no larvai at ali were obtained be included, 8.0 9<,, developed,

and in the other case 62^. The individuai values obtained with

water exposed to sun and air vary very considerably. Thus in the

first two given in the table the size of the larvse was practically

unaffected; but in the next one it was largely increased, and in the

next, stili more largely diminished. In this case a layer of water

only two inches in depth was exposed in a fiat dish. In another

experiment in which was used some of the water employed in Exp. 61,

but which had been exposed to the sun an additional seven days,

no larvai at ali were obtained. It may be thought that the adverse

eflfect of the water thus treated was due to evaporation and conse-

quent iucrease of salinity. This could not bave been the case however,

as in the first place the jars in which the water was exposed were

always covered up with glass lids, and moreover it has been shown

in the paper already referred to above^ that moderate increase in

the salinity of the water has practically no influence on the growth

of the larvai.

But how, on the other band, can the very favourable effect

produced by the exposure of the water to the sun in a flask be

accounted for? It is probable, as will be shown later on, that a

small part of this influence, probably about ^% of it, is due to the

heating of the water by the sun, whereby the animai life i)resent is

killed off. There must obviously be some other factor at work

however, to which these striking differences in the efifects of the

water are due. Everything points to this factor being of a bacterial

nature. Thus it was originally shown by Downes and Blint'-^ that

sunlight had an adverse efl'ect on bacterial growth, and in recent

years Marshall Ward has made numerous investigations on the

bactericidal action of sunlight^. His expea-iments were made with

pathogenic or fresh water bacteria however. Observations on marine

1 ibid. pag. 588.

2 Proc. R. Soc. London Voi. 27 1877 pag. 488, also Vol. 25 1878 pag. 197.

3 Proc. R. Soc. London Voi. 52 pag. 393, also Vol. 53 pag. 23, also Vol. 56

pag. 315.
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species were made by Russell >, and also by B. Fischer 2, wbo found,

as had Buchner for fresh water g-erms^, that diffuse dayligbt bad a

certain amount of germicidal power, as well as direct sunligbt.

Fischer indeed sbowed tbat tbe numbers of baeteria in specimens

of surface sea-water collected in the evening, after tbe whole day's

exposure to the sunlight, were considerably smaller tban iu those

taken in the morning. In tbe present research tbe numbers of baeteria,

in various specimens of water, variously treated, were determined by

tbe ordinary gelatin piate culture method. As tbe observations were

begun in tbe summer, when tbe temperature of tbe moist Chamber

remained at about 25° —26° it was thought better, as tbe weather

became colder in tbe autumn, to continue to keep tbe cultures at tbis

same temperature. Hence tbe temperature of tbe Chamber was artifi-

cially kept up to tbis point by means of a gas tlame and regulator.

The bacteriological exaraination consisted merely in determining- tbe

numbers of colonies formed after 24 and 48 hours respectively, and

no attempt was made to isolate and study the various bacterial forms.

With regard to tbe ett'ects of sunligbt on water, the bactericidal

action noticed by previous observers was confirmed. Thus on ex-

posing a flask full and a covered jar half full of tbe Aquarium water

to sunlight, for some days, tbe following numbers of baeteria per

cubie centimetre were found.

Time of exposure
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powerful diiring- the lattei- part of the experiment, and towards the

end the sides of the vessels became coated with a thin layer of

brown a\g'M. In the next experiment the following results were

obtained.

Time of exposuro
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In this experiment some of the coimtings after 48 hours in-

cubation were by an accident omitted. Those made after 24 hours

show a very rapid diminution in the number of germs. Thus on an

average about five sixths of them were killed off or rendered slowly

growing by a two hours exposure to the sun, and only A% survived

six hours' exposure. After five and a half days of almost coutinuous

sunlight however, the numbers had inereased again, so that on 48 hours'

incubatioD the colonies obtained averaged more than a third of the

original number. The next experiment, made under the sanie con-

ditìons, gave the following results:

Time of exposure
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a badly ligbted room. Here the temperature remained fairly Constant

at about 15° C. Nevertheless, after keeping- the water two days, the

niimber of germs was found to have increased enonnously in both

specimens of water, but especially in that kept in the jar. After a

fnrther two days, the nnmbers had diniinished again, though not to

so great an extent as they had previously increased. It would seem

therefore that immediately the direct rays of the snn are removed

from the water, the germs stili unharmed begin to multiply with

extreme rapidity, so that the water soon becoraes bacterially

much more impure than before. These rapidly multiplying germs

then rapidly die off, so it is possible that the ultimate bacterial

quality of the water may be somewhat better than originally; but

even this is doubtful. As the number of germs begins to increase

so rapidly after the germicidal sunlight is shut off from the water,

the cultures were generally made late in the afternoons, after the

water had been exposed the whole day to the sun. A determination

of the baeterìa present after VI2 or 51/2 days' exposure would thus

give very much smaller numbers of germs than if it had been made

after 4 or 6 days, for then the water would be examined after it

had been exposed for only an hour or so to the earl}^ morning sun.

As to the primary object with which these observations were

made, no information is afforded. Thus on comparing the various

numbers obtained for water exposed in a jar to the air, with those

for water exposed in a flask, no Constant or appreciable ditference

in either direction is found. These countings of course show nothing

as to the quality of the bacteria in either case, hence one may be

allowed to explain the great differences eflfected on larvai growth

by the water treated in these two ways as due to the dififerent

degrees of oxygen tension in the water. Thus these may have caused

an increase or decrease in the number of certain germs with which

the vital processes of the larvte are closely bound up.

ta. The Eflfeet of Keeping the Water in Darkness.

Inasmuch as by far the larger portion of the ocean water is

found at depths whence no trace of light can penetrate, it was thought

to be of interest to determine what changes, if any, would take place

in sea-water kept in darkness. Accordingly, a large covered jar of

Aquarium tank water was placed in a cupboard, and chemical

analyses of it made from time to time. It should be stated that this
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water was not in absolute darkness, as there were oue or two cracks

in the woodwork, through wliich minute quantities of light could

enter. The analyses were as follow:

Free NH3 Oigauie NH3

Original water .227 mgm. .167nigm.

After 10 days .205 .195

- 22 - .039 .098

- 61 - .020 .085

- 85 - .005 .092

Here we see that, by the simple process of keeping the water

in darkness, no less than 98^ of the free ammonia and 45 to 49 of

the organic ammonia, were removed! In another jar of the same water,

placed at the same time under conditions of absolute darkness, the

change in eomposition was as follows:

Free NH3 Organic NH3

After 10 days .201 mgm. .140 mgm.
- 22 - .(127 .100

In this case the removal of the ammonia seems to have taken

place rather more rapidly.

In the uext experiment, the jars of water were wrapped up in

black paper, and placed in a cupboard, so that by no possibility

could a trace of light reach them. One jar coutained ordinary

Aquarium water, another contained water which had been filtered

through asbestos (in order to determine if there were any diminution

in the rate of purification owing to tbe removal of bacteria), and the

third also contained Aquarium water, but to it had been added about

50 cc. of a water which had previously been kept 31 days in darkness,

for it was thought possible that this water might contain numbers

of bacteria possessing a special capacity for removing the ammonia

from water. The analyses gave the following- results.
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ammonia has beeu reached, for after an additional 29 days no further

purificatioD resulted. The degree of puritìcatiou seems to bave beeu

practically the same for ali three waters.

This very marked purification of water kept in darkness ìs, we

must conclude, almost entirely due to bacterial action. Thus some

of the same Aquarium water, kept under the same conditions as the

above, but to wbich .1% of corrosive sublimate had been added,

was found on analysis after "2G days to contain .255 mgm. of free,

and .120 mgm. of organic ammonia, or respectively 25^ and 11^
less than the originai water. This diminutiou was probably due to

the Vaporisation of some of the ammonia from the water, and to

coagulation and partial fixation of the proteids in the organisms

present in the water, which on distillation would otherwise bave

evolved some ammonia.

Stili two other jars of water were kept in absolute darkness

under conditions similar to the above. One of these jars contained

Aquarium water which had beeu heated to boiling point in a corked

flask, and then cooled rapidly, so that practically none of the am-
monia contained in it esca]>ed. The analyses were as follow:

Free NFIa Organic NH3

Originai water, after heatiug .350 mgm. .202 mgm.
After 26 days .218 .125

- 54 - .020 .090

Here we see that after a period of 26 days, which was sufficient

in the other cases for the maximum purification of the water to be

effected, only a small proportion of the ammonia was removed, and

that even after 54 days the limit of purification was not reached.

This delay in the purification was obviously due to the bacteria in

the water having been killed off by the beat. The water had been

poured into an unsterilised jar, receutly washed out with sea-water,

hence there were doubtless sufficient bacteria preseut which could,

on subsequent multiplication, exert their purifying action.

The other jar kept in darkness was also filled with A(|uarium

water, but the jar itself contained a layer of green and purple brown

alga3 graduai ly deposited on it from Aquarium water after it had

stood for 36 days in diffuse light. After 26 days in darkness, this

layer of algse had diminished in amount, whilst the water itself was

found to contain .007 mgm. of free, and .126mqm. of organic ammonia,

or respectively 98^ and 1% less than the originai water. As we
bave already seen, the organic ammonia in water kept in diffuse
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light is gradually increased by the actiou of the algie. In the present

instance there would presumably be this action at work tending to

inerease the organic ammonia present, and a bacterial one tending

to decrease it. The net result of these two opposing actions has

been to leave the organic ammonia almost imchanged.

It was remarked above that in the parallel observations made

with one jar kept in semi-darkness, and the other in absolute darkness,

the rate of purification seemed to be rather more rapid in the latter

case. That this is actually the case is confirmed by the following

two series of observations, in botli of which the jars of water were

first kept for 28 days in almost absolute darkness, and then for the

rest of the period kept in a cupboard, which had several cracks in

it, through which a fair amount of daylight filtered. In one of these

experiments ordiuary Aquarium water was used, and in the other,

some of the same water filtered through asbestos.
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witli sea-water, iu that they were made in the presence of light.

Thus Uffelmann has shown* that these bacteria may oxidise the

ammonia in the water, more or less irrespective of the presence of air.

Heraeus has shown^ that some kinds of bacteria exert an oxidisiug

action, and others a reducing one. Again, S. Leone, who worked

with distilled water containing a little gelatin, found that the organic

substances were gradually decomposed into inorganic Compounds, first

ammonia, then nitrous acid, and then nitric acid, beiug in turn formed ^.

This subject of nitrification, with reference to sea-water, will be

discussed in this paper further on.

It was remarked, whilst diseussiug the second series of the

above experiments, that the purification of the water appeared to

reach its limiting value after 25 days. The three specimens of water

(Aquarium water, filtered water and ,seeded' water), then contained

respectively .007, .008 and .005 mgni. of free ammonia per litre, and

.065, .069 and .059 mgm. of organic ammonia. It was thought to

be of interest to determine what relation pure open sea-waters bore

iu their composition to these bacterially puritìed waters, so the

following analyses were made.

Distance fiom shore, at whieh

water was coUected
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exposed to every favourable purifying influence. It would be of

great interest to analysc a specimen of water colleeted at a con-

siderable depth beneatb the surface, to see if in tbis case also tbe

degree of purity was uo greater. Uufortunately bowever I was not

able to obtain one,

Anotber proof tbat tbe limit of purity of tbe ammonia in the

water is tbat which is sometimes obtained by keeping water in

darkness, is afforded by tbe analyses of a specimen of open sea-

water t ken 5 km. from tbe shore. Tbis was kept in absolute dark-

ness, in a jar covered with black paper.
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The values given for the ammonia in the normal Aquarium

water are for the specimens of water in whìch were grown the larvse

taken as ,normal', and against which the larvìe grown in the waters

exposed to darkness were compared. They do not represent the

composition of the water before purification by keepiug in darkness.

From the values given in the last column of this table, one may

see that in almost ali cases the larvse were eonsiderably increased

in size, in two instances by more than \1 %^ but as a rule by about

5^. The great increase in size in the first two experiments given

in the table was probably in part due to the dwarfing of the
,
normal

larvae, by the very impure water in which they were grown. Thus

in Exp. 82, in which the water had been purified to a much greater

extent, the larva? were only 4.2^ larger than the normal, but on

the other band the water in which the normal larvie were grown

was much purer than before. In Exp. 83, the water used had been

kept in darkness for the same lengtii of lime as that in Exp. 82,

but, as already mentioned, it was previously ,seeded' by the addition

of a small quantity of water which had itself been kept in darkness

for 31 days. With this water the larvse were increased by \\A%,

so that the seeding seems to bave induced an increased physiological

purification. In Exp. 86 was used the water which had, before

keeping in darkness, been heated to 100" C. The larva) are in this

instance actually diminished in size by 3.4f^, whilst in a sample of

the same water after 55 days darkness, and in which very much

more of the ammonia present had been absorbed, the larvai were

practically unaffected. In Expts. 116 and 119 were employed samples

of the same water as was used in Expts. 82 and 83, which had

however been kept an additional 30 days in darkness. The favourable

effects produced were not so great as before, the larva? being increased

in size by respectively 3.0^^ and 5.0^, instead of 4.2^ and \\A%.

This may bave been due to the water in which in the
,
normal' larvse

were grown being more favourable to larvai growth in the latter

instance than in the former. In any case one is justified in concluding

that the water had undergone little or no increase in
,
physiological'

purity durìng the extra 30 days, just as it had undergone no increase

of chemical purity.

Lastly in Exp. 128 the larvse were only very sligtly affected,

but it should be noted that the Aquarium water was on this occasion

even purer, in regard to its organic ammonia, than the water kept

in darkness.

25*
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In the last column but one of the table are given the percentages

of fertilised ova which reached full larvai development. If Expts. 84,

86 and 118 be excluded, it appears that only 53^' of the ova

developed to the pluteus stage, or somewhat less than the normal

number (66.6^). The favourable efifect produeed by keeping water

in darkness is therefore not quite so great as one might conclude

from the increased size of the larvse.

It has been shown that water kept in darkness may sometimes

become as pure, so far as its ammouia is concerned, as open sea-

water taken several kilometres from shore. Judged by the physiologi-

cal test however, its purity is not nearly so great. Thus in Exp. 69,

in which water collected 3 km. from shore was used, the larvse were

19.2^^ larger than tbe normal, aud in Exp. 134, with water 5 km.

from shore, Vl.l % larger than the normal. Tbe increase in size is

therefore considerably greater than with waters kept in darkness.

The number of ova reaching full larvai development was also much

larger, it being respectively 100^ and 95^^ in these two experiments.

In addition to a chemical and physiological puritication, the

keeping of water in darkness leads to a considerable diminution of

the bacteria present. In the following table are given the numbers

of colonies, per cubie centimetre of water, formed after 24 and 48 hours

incubation.

Days
water
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As will preseutly be shown, the Diimber of bacterial colonies

formed from ordinary Aquarium water after 24 hours' incubation is

about 1500, aud after 48 hours', about 3000. From this table we

see that with waters kept in darkness, the numbers are scarcely

ever as high as these, the}^ being generally only a few hundred

after 24 hours' incubatiou, and in fìve cases out of eigbteen, less than

a hundred. After 48 hours however, the number is more often than

not over 1000, and heiice it would seem that the rapidity of multi-

plication of the baeteria on gelatin piate culture has been very

markedly diminished in addition to the aetual number. With regard

to individuai experiments, the first two thìrds of the table consists

of observations made with jars of water kept in darkness under

similar conditions, but containing respectively ordinary Aquarium

water, water filtered through asbestos,, water seeded with other water

previously kept in darkness, water placed in a jar covered with a

deposit of algfjB, and water previously heated to 100°C. Of these

five samples, the seeded water and water in the jar coated with

algse coutained the least number of baeteria, and the water heated

to 100° the most. The comparatively large number of germs present

in this latter water is of interest in connection with the fact that

the larvse grown in it were, in contradistinction to those grown in

the other specimens of water, considerably smaller than the normal.

Determinations made 9 days after these originai cultures showed the

numbers of baeteria to be about the same. Those made 24 days

later, on the other band, showed a distinct decrease. In the Observation

given in this table on a specimen of water kept 74 days in darkness,

the number of colonies formed after 24 hours is smaller than usuai,

but after 48 hours is just as large. After a further 71 days however,

the diminution in number is very conspicuous. Again, in a specimen

of water filtered through asbestos, the number of colonies obtained

after keeping 65 days is somewhat smaller than after 24 days.

It may therefore be concluded that the longer a water is kept

in darkness, the smaller becomes the number of baeteria it contains,

and the slower is their rate of multiplication on piate cultivation.

On the bacteriology of open sea-water no observations were

made, as the subject has already been worked out by Russell • for

waters in the Bay of Naples, and very fully by Fischer for Atlantic

Ocean waters 2. Russell found the number of baeteria in surface

1 Zeit. Hyg. 11. Bd. 1891 pag. 165.

- ibid. pag. 1—83.
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water taken at from 4 km. to 15 km. from the sbore of Naples to

Vary between 6 and 78 per e.c, but the numbers obtained seemed

to bave little or no relation to the distance from the shore. Also

the number of bacteria seemed to vary bnt little with the depth of

the water, it being practieally the same for water at a depth of

825 metres as for surface waters. Agaiu, Fischer foimd the number

of germs at 200 and 400 metres depth to be as a rule considerably

greater than the number in surface water. At greater depths the

numbers rapidly diminished, so that below 1100 metres only 1 germ

per cubie centimetre was as a rule present. Fischer concluded,

however, that whatever the depth, the water was never absolutely

germ-free. This occurrence of bacteria in water at ali depths is of

interest with reference to the results obtaìned with water kept in

darkness. Thus it is obvious that as they are always present, they

will inevitably exert their purifying action on any nitrogenous con-

tamination communicated to the water, and so keep the water at its

highest possible limit of purity.

It is of interest to inquire how far this favourable inÜuence of

keeping water in darkness enters into the purilication of the water

of Marine Aquaria. At the Naples Aquarium the water runs back

from the tanks into one of three reservoirs, which hold in aggregate

about 300 cubie metres. llere it remains from one to three days,

when it is again pumped into the various tanks. On making analyses

of this water pumped from a reservoir, and of that tlowing back

agaiu from the various tanks, it was always found that the latter

was much more impure than the former. After making numerous

analyses of water when it had just run into the reservoirs, and after

it had stood in tbem for a day or two, it was not however possible

to establish any Constant difference of composition. This, if it were

present, would in any case be slight, as never more than two thirds

of the water is pumped away from a reservoir before the water

from the tanks is allowed to run back again. How tlien was the

observed purification of the water brought about? It was eventually

found that this removal of ammonia from the water was efifected

during its passage along the lead pipes running from the subsidiary

reservoirs at the top of the buildings into the various rooms. Thus

the tap from which the water used in these experiments was drawn

was about 20 metres distant from the supplying tank. In one instance

the reservoir water contained .162 mgm. free, and .185 mgm. organic

ammonia, and the water drawn at the same time from the tap, at
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the rate of a litre in lOmÌDutes, only .075 mgm. free, and .125 mgm.

organic ammonia, or respectively 54^ and ?>1% less. In anotber

instance the water was drawn from the tap at varving- rates, in order

to determine the effect of the rapidity of flow on the amount of

ammonia removed. The following results were obtained.

Nature of water
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might possibly have a similar effect. To test this point, a small

quantity of the deposit, amoimting in all to only one or two grams,

was dredged up from one of the reservoirs, and was stirred from

time to time with about 700 cc. of water, for half an hour. After

Standing a few minutes, the water was liltered off and analysed, It

was found to contain .657 mgm. of free, and 1.490 mgm. of organic

ammonia, in place of the respective amounts of .286 mgm. and

.157 mgm. originally present. So far from this deposit being a puri-

fying agent, it is therefore a most fertile source of contamination.

Thus the deposit had been collecting for only two months, previous

to which the reservoir had been thoroughly cleaned out. Probably

if it had been standing a longer time, its fouling properties would

have been miich greater.

On comparing the effect on larvai growth of water drawn from

one of the pipes with that taken directly from the large tank of the

Aquarium, the increase in physiological purity proved to be no less

marked than the increase in chemical. l'he following were the results

obtained.

Number

of
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e. The EflFect of Filtration through Asbestos.

In some of the ubservations to be subseqiiently described, it

was necessary lo filter off the larvse from the water in which they

were growing. This was (Ione by plugging up the bottoni of a fimnel

with a layer of asbestos about a centimetre in thickuess, and letting

the water ruu through. It was aecordingly thought advisable to

determine whether the filtration itself could bave any effect on either

the cheuiical composition of the water, or on the growth of the larvse.

The following results were obtained.

Number
of
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It is difficalt to say to what this very marked increase in the

physiological purity of the water was due. Thns we have previously

Seen that filtratioii of the water throngh pure sand which eontained

DO vegetable growth, caiised an increase of only 1.8^ in the size

of the larvse grown in it. Such filtration must have removed all the

minute forms of animai and higher vegetable life present in the water,

and also a certaiu proportion of the bacteria, and should, one would

think, have acted more efficiently than filtration through a thin layer

of asbestos. Thus determinations by means of piate cultures seemed

to show that the asbestos filter removed practieally no germs from

the water. In one case the water before filtration was found to

contain respectively 800 and 850 colonie» after 24 and 48 hours in-

cubation, whilst after filtration the numbers were 1000 and 1820.

In another case the numbers were respectively 380 and 6S70 for

24 and 48 hours incubation before filtration, and 700 and 12700

after it. However in the two instances given a few pages back, in

which, after filtration through asbestos, the water was kept for 24 to

54 days in darkness, the number of bacteria present is considerably

smaller than in the unfiltered water kept under similar conditions.

It is probable that the filtration removes a large number of bacteria

from the water, but in that particles of organic matter, swarming

with bacteria, get caught in the interstices of the asbestos fibres and

brokeu up by the rapid stream of water flowing past them, the

apparent number in the filtered water is just as great, or is increased.

Thus in a gelatiu piate culture, a particle of organic matter con-

laining hundreds of germs would give rise to only one colony, just

like a single isolated g-erm.

d. The Effect of Heating the Water.

Inasmuch as exposure of the water to sunlight, and filtration

through asbestos, whereby in all probability many of the bacteria are

removed, were found to have such a favourable influence on the

growth of the larvai, it was determined to try the effect of killing

off the germs by previously heating the water. By this procedure

the condition of the water is altered in other respects besides, as all

the animai and vegetable life in the water are killed off, in addition

to most of the bacteria. Also a large proportion of the gases dissolved

in the water is driven off. However, as has been shown in the
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paper already leferred to', cousiderable variations in tlie amouuts

of free oxygen and carbonic acid dissolved in the water bave bat

little influence on the growth of the larva;.

The results obtained are given in the following table. In all

cases the water was heated in a large flask filled up to the neck,

and on the temperature reaching the desired point, this flask was

placed under a stream of cold water, so as to cool its contents as

rapidly as possible. The water was then poured into a jar, and

allowed to stand for 24 hours before the introd action of the fer-

tilised ova.

Number
of

Experiment
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Thiis it drives off a good deal of the dissolved gases, but also removes

some of the ammonia present. For instance, the water used in Exp. 102

coDtained 36^ less free, and 1% less organic ammonia, than the

normal water.

These results lead one to conclude either that a temperature of

50° is almost as fatal to those bacteria in the water which exert

an injurious action on larvai growth as a temperature of 100° or

that the favourable eflfect produced by heating the water is due

rather to the removal of the small amouut of animai and higher

vegetable life present, to which, rather than to the bacteria, the

harmful effects are accountable. As to the actual germicidal eflfects

of heating the water, the observations of Miquel>, made of course

with fresh water bacteria, may be cited. Thus in one case, after

heating to 50" for about half an hour, there were killed some 84^
of the germs: after heating to 80° ^1 %, and to 100°, 99.4^.

Bacteriological examination of the water used in Expts. 102, 103

and 104, gave the follo wing results.

Nature of Wiiler
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than the Dormal, and the other two specimens of water somewhat

less; but when the laiTse had reached their full eight days' develop-

ment, ali thiee specimens of water were found to eontain more

baeteria than the normal. Thus the bacteriological condition of the

heated water seems to bave been little if at ali better than that of

the unheated. This counting of colonies is, however, unable to

distinguish harmful from harmless baeteria, and it is very likely

that the heating killed off the most injurious germs, allowing only

the harmless ones to subsequentl}^ multiply.

e. Other Bacteriological Resulta obtained.

The present seems a favourable opportunity to mention the

results of some of the other bacteriological examinations imdertaken.

Piate cultures of the normal tank water of the Aquarium gave the

following nurabers of baeteria.
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stili maintained after the larvse liad grown foiir days in the water,

but after eight days the differenee was much less marked. The

water fìltered through Aquarium sand contained, at any rate after

four days' growth, a very inueh larger mimber of germs than the

water filtered through deep shore sand, and this may have been the

cause of the larvse grown in it being only .1% larger than the normal,

as compared with the iucrease of 8.5^^ produced by the other water.

After the Aquarium tank sand filter had been kept in darkness

for 24 days, and was therefore no longer impreguated with Chloro-

phyll containing growth, another series of determinations was made.

Days sand had
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Water without alga 241iours 481iours Water with alga 24 hours 4Slioiira

Normal water

Normal water -|- larvse

after 8 days' growth .

Normal water

Normal water

Normal water + larvse

after 4 days' growth .

Normal water + larvae

after 8 days' growth .

510

1040

3340

liquefled

7160

+ 15 sq. cm. Viva per 1.

for 4 days

•-|- 6 sq. cm. Ulva per I.

during development .

+ .6 gm. Gelidium per i.

for 4 days

1870 lifiuefled

1550

liquefled22000

800

2450

650

850

23000

1670

Water kept 23 days in

diffuse light ....
Same water + larv«

after 4 days' growth .

Same water + larvae

after 8 daj's' growth .

145

9600

109U

870

20900

1640

Thus in each of the three instances given, iu which some alga

was added to the water alone, or to the water containing developing

larvse, the number of bacteria was iucreased. The next three determ-

inations show the effect of keeping water in diifuse light, whereby

a layer of diatoms was formed on the sides of the vessel. The

number of germs appeared to be practicall}^ the same as in the

normal water, and to increase to about the same extent when larvse

were introduced.

It may have been noticed that in all the above results the

number of bacteria in the water was invariably larger after two or

four days' larvai development than after eight days', or than in the

water itself before the addition of the fertilised ova. The numbers

present after eight days are mueh more Constant than those found

at any other period, but they are generally somewhat larger than

those in the original samples of water. Thus of the twenty countings

made after eight days' larvai development, in twelve cases the number

of germs after 24 hours' incubation varied between 1000 and 2000,

and in only three cases did it rise above 2000. These results are

in agreement with those of Bolton, Gramer, Fränkel and others^,

who found that as a rule, owing to the sudden change of tempera-

ture and other conditions, the number of bacteria in a specimen of

water taken from a river er other source increases very largely for

the first few days, and then decreases again.

Untersuchung des Wassers, pag. 481 —490.
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Part 2. The Fouling Eifects of Animai Life ou the Water.

The Effects of Animals in General.

Thus far the purification of the water by various forms of vege-

table life has been the subject of discussion. We now enter upon

the other side of the question, the fouling of the water, especially

with reference to animai life. Thus the contamination from vegetable

sources seems, in the case of sea-water at least, to be in comparison

only slight and uuimportant, and those cases in which it does enter

in bave already been referred to in the first portion of this paper.

In order to estimate the fouling effect of an animai, several

individuals were placed for a known tìme in a known volume

of water, and were then removed and weighed. In a portion of

the contaminated water larvi« were grown, whilst another portion

was subjected to chemical analysis. In the subjoined table the

results obtained are given. Here it will be seen that, in addition

to the absolute Variation produced in the size of the larvai, the values

for the effect produced by 100 granis of the animai kept for one

hour in one litre of water bave also been calculated. By this means

the results obtained with diflferent animals under dififerent conditions

are directly comparable. Similarly also the amounts of free and

organic ammonia added to the water by keeping 100 grams of the

animai in one litre for one hour are given as well as the absolute

composition of the water.

'A

Animals used

a

'S M
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Of the eleven experiments recorded in tbis table, we see that

in seven of tbem an increase in tbe size of tbe larvje was pro-

duced. Tbis increase varies in amouut from \A% to 8.3^, it being-

on an average AA%. Of tbe otber four experiments, one, No. 50,

does not properly belong to tbe present series of experiments, as tbe

eftect produced was due to an additional faetor, tbe introduetion of

seaweed into tbe water during larvai development. In tbe remaining

tbree experiments, tbe decrease in size is on an average only \A%.

Tbis most Gurions and unlooked for result beeomes even more

aecentuated by a study of tbe individuai experiments. These show

that it can be no mere chance wbether the water fouled by any

particular animai sball bave a favourable influence on larvai growtb

or not. As far as the observations go, it wonld seem a general rule

that tbe excretory products of lisb, crabs, moUuscs and bolothurians

bave a favourable influence on the growtb of larvae whilst those of

sea-anemones and medusa on tbe other band bave a sligbtly un-

favourable one. From tbe values calculated per unit volume of water,

we find that as an average of tbe two experiments made with fish,

tbe increase is l.'ò%. In the single experiment with crabs, tbe

increase is %\%: in tbe two with bolothurians it is \A%, and in

tbe two with moUuscs, \.1%. Of the tbree experiments in which

a negative effect was produced, a bermit crab with tbree auemones

attached to its shell was used in one case; otber anemones but

without any crab in the second; and a medusa in the tbird. The

average relative diminution in size is 1.1^.

Upon the percentage number of fertilised ova reaching larvai

development, fouling of the water does not seem to produce a

favourable influence in the same way as it does upon the size, but

the effect is in any case ouly very sligbtly adverse. Tbus as a

mean of tbe eleven experiments, 63.7^ of tbe ova became full grown

plutei. Curiously enougb it would seem that in those experiments

in which there is a negative effect on tbe size of tbe larvse, there is a

positive one on the number, and vice-versa, but want of sufficient data

must preclude one from drawing any certain conclusion to tbis effect.

In tbe last two columns of the table are given tbe relative

amounts of free and organic ammonia added to the water by tbe

fouling. These may probably be taken to give a fair criterion of

tbe relative capacities for fouling which the ditferent animals possess.

As might be expected, tbe nnmbers are very variable. Tbe relative

amounts of free and organic ammonia added by the fish to the water
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are od an average respectively .470 aud .774 mgm.: by the erabs

.801 and .698 mgm., by the molluscs .069 and .055 mgm., and by

the holothui-ians .051 and .026 mgm. Thus the favourable effect

produeed on the size of the larvie seems to bave been more or less

proportionate to the degree of contamination of the water. This is

especially borne out by the tvvo experiments with fish, in one of

which both the relative increase in the size of the larvse and the

amount of fouling of the water were so very much larger than in

the other. Doubtless there is a limit to the favourable effect of the

products of animai excretion on larvai growth, but apparently it was

not reached in any of the above experiments. With regard to the

three remaining experiments, in which a negative effect was produeed,

the influence does not seem proportional to the amount of fouling,

but the data are obviously insufficient to decide the question either

one way or the other.

These values for the relative amounts of ammonia added to the

water bave an interest quite apart from their relation to larvai growth.

Thus they give one an idea as to which of the animals commonly

kept in marine aquaria exert the most contaminating influence on

the circulatiug water. These data give no absolute estimate of this

influence, but they are quite sufficient to indicate that fish and crabs

act very much more harmfully than molluscs and holothurians.

Anemones and medusse apparently occupy a more or less intermediate

Position, but the fouling efifects of the latter animals, considering the

large proi)ortion of water in their tissues, is in reality quite considerable.

If an attempt be made to explain these remarkable effects of

contaminated water on larvai growth, attention should first be directed

to some observations cited in the previously mentioned papera In

this it was shown that the addition of one part of urie acid in 70,400

to the water caused an increase of \1.1% in the size of the larvse,

and that it was only when the amount added was increased to one

part in 28,000 that an adverse effect was produeed. Similarly also

the addition of urea to the water increased the size of the larvse

by about 2.7^, and the addition of even considerable quantities of

carbonio acid gas also caused a very slight increase. No explanation

of these unexpected results was arrived at, but it was suggested that

the ideas hitherto entertained as to the adverse effects of products

of metabolism on the growth of tissues might be mistaken ones, and

1 ibid. pag. 595—598.

26*
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that in moderate doses these products actually had a stimulating

influence, so as to bring about by reaction increased anabolic or cou-

structive tissue changes. The results obtained in this paper seem

to Support this theory, but it is possible that tbey and the former

results may be due to entirely dififerent causes. Thus we have seen

reason to think that bacteria play an important part in the life of

these small larvse, and it may be only through the harmful effeet

produced on these injurious bacteria that these products of animai

excretion are enabled to exert a favourable influence on larvai growth.

Thus it may be that the larvje are themselves unfavourably influenced

by the products of excretion, but influenced to a greater degree in

the opposite direction by the removal of harmful bacteria. However,

the few bacteriological observations made with contaminated waters

do not seem to bear out this supposition. Thus the specimen of

water used in Exp. 112, which was fouled by molluscs, gave 2530

colonies per c.c. after 24 hours incubation, whilst the water used in

Exp. 111, which was fouled by sea-anemones, gave 2440. The

normal unfouled water gave 2000 colonies. In none of these cases

could the colonies be counted after 48 hours, owing to the onset of

liquefaction. After eight days larvai growth in these waters, the

normal water gave 1040 colonies, and that fouled by anemones 1420.

The culture of water fouled by molluscs had liquefied. Thus we see

that in every case the number of bacteria was slightly greater in

the fouled than in the normal water. A similar result, which will be

referred to later on, was also obtained with water fouled by sea-urchins.

Though this evidence, and most of that obtained by other in-

vestigators into the question of river |)ollution, tend to show that

waters contaminated by animai excretions contain more bacteria than

uncontaminated, yet it is still possible to hold that the fouling of a water

may happen to kill off certain bacteria which are particularly harmful

to larvai growth, and that therefore carbonic acid, urie acid, urea, and

other products of excretion, act only indirectly. It must be admitted,

however, that a direct effect on the larvse seems much more probable.

The Effects of Echinoids.

We have seem that water fouled by certain fish, crabs, molluscs

and holothurians exerts a favourable influence on larvai growth, but

how do these larvse react to members of their own and other species

of the sea-urchin family? The results obtained on this point are given

in the accompanying table.
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In this table the arrangement is the same as in the preceding

one, except that as a rule the composition of the fouled water was

determined after the larvpe had grown eight days in it, and not

before the addition of the fertilised ova. In Expts. 46 and 48,

however, the fouled water itself was analysed.

Of the first eight experiments in this table, in which as usuai

the ova of Strongylocentrotrus were employed, we see that in only

two cases was a positive effect produced on the larv?e. In every

experiment with water fouled by the sea-urchins Strongylocentrotus,

SphcBrechinus or Echmus^ a pronouuced diminution in the size of the

larva? resulted. This diminution varies from 2.6 to 15.0^, it being

on an average 6.9^. On the other band a positive effect is produced

on larvai growth by the excretory products of Arbacia and Dorocidaris.

It would seem as if the negative or positive effect produced by the

products of excretion depended more or less on the morphological

relationship of the fouling animai. Thus on an average in the

three experiments with the water fouled by Strongylorentrotus^

the effect produced, calculated per lOOgrams weight of animai per

litre per hour, is 3.4^. On the other band in the two experiments

with the water fouled by Spliceredàmis^ the average diminution is

only \A)h%.

In Order to obtain further evidence as to the special fouling

effect of an animai on its own larvse, a few experiments were made

with other plutei, namely those of SphcerecMnus and Echinus. These

were killed and preserved after eight days' growth, in the same way

as the Strongylocentrotus larv^e. In Expts. 12 and 13, with Sphcer-

echinus larvse, very little effect was produced, but such as it is, it

lends Support to the other results obtained. In Expts. 21 and 22,

the plutei of Echinus were used. Here also a more adverse effect

is produced by the excretory products of Echinus, than by those of

Strongylocentrotus. The reciprocai ex[)eriment, with Strongylocentrotus

plutei, gave, on the other band, a contrary result. Thus in Exp. 18,

with water fouled by Echinus, the diminution is 5.4^, whilst in

Exp. 19, with water fouled by Strongtjlocentrotus , it is only 4.4^.

This single contrary result cannot be considered to balance the very

positive ones obtained with Strotigylocentrotus and Sphcer echinus, and

hence the existence of a special fouling effect of an organism upon

members of its own species may be recognised as highly probable.

A compari son of the numbers of ova reaching the larvai stage in the

various experiments is also in favour of this view. Thus of the
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Strongylocentrotus ova grown in water tbiiled by Strongylocentrutus^

on an average A^% developed, wbilst with fhe water fouled by

Splìcerechinus^ 61 % developed. Again in tbe experiments ou Sphcer-

echinus larvse, only a tbird as many of tbe ova developed in water

fouled by Sphcerechinus^ as in tbat fouled by Strongylocetitrotus. Stili

again, in the experiments with Echinus larvse, only 48^ of the ova

developed in water fouled by Echinus^ as against 1Ò%in tbat fouled

by Strongylocentrotus.

Concerning the actual amount of fouling of the water by these

various species of sea-urchins, it is not possible to speak very de-

finitely, as in tbe first place, cbemical analyses were not made at

ali in several instances, and in tbe second place the analyses them-

selves were carried out after and not before tbe larvae had been

allowed to develop in the water, when of course many of the ex-

ereted products may bave been absorbed or changed by larvai or

bacterial growth. Tbat such a change did take place is almost

proved by the organic ammouia values. Thus in ali tbe six analyses

made, the organic ammonia was found to be either less than, or

practically the same as, tbat present in tbe normal unfouled water

after eight days' larvai growth. In the above series of experiments

with otber aninials, we saw on tbe otber band tbat the fouled water

always, with a single exception, contained very much more organic

ammouia than the unfouled. Also in the two experiments made with

sea-urchins (Nos. 46 and 48), in which the fouled water was analysed

before and not after larvai growth, tbe organic ammonia was

appreeiably increased. It would seem therefore tbat tbe larvse are

in some way or otber able to absorb or transmute the organic ammonia

introduced into the water by fouling. The free ammonia they do

not seem to bave much intluence upon, for the fouled water, after

larvai growth , contained as great an excess of it as was generally

present in the former experiments in which the fouled water was

analysed before tbe introduction of the larva?.

What is the cbemical nature of these excretory products, which,

according to tbe species of tbe animai from which they are expelled,

will produce either a positive or a negative effect on larvai growth?

Doubtless comparatively simple nitrogenous bodies as urie acid and

urea bave a small intluence, but as has already been sbown, this

intluence is always a positive one. The major portion of the effect

must, one would think, be due to more complicated organic nitrogen

derivatives. It was thought tbat bodies such as the ptomaines migbt
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be one of the important factors, aud lieuce a few experiments were

made lipon the effects of water fouled by dead sea-nrchins, in order

to test this supposition. In that tlie fouling effected by a decomposing

organism is so very much greater than that of a living one, the

water was exposed to the contaminating agent for only a very

few minutes. The results obtained are given in the aecompanying

table.

o
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that this percentage is probably higher than would geneially be found

to occur, in that four of these expeiiments happened to be made

with ova in such good condition that of those which developed

under normal circumstances, no less than 97^ reached the larvai

stage.

That this efifect on larvai growth is a direct one, and is not due

to an indirect influence on bacterial growth, seems probable from

the fact that the water used in Exp. 137, which was fouled by a

Spt^rerJmms, gave respectively 6600 and 10,900 colonies per ce. after

24 and 48 hours incubation, whilst that used in Exp. 135 gave 7000

colonies after 24 hours growth, and had liquefìed after 48 hours. The

normal unfouled water gave respectively 3340 and 7160 colonies, or

only about half the number.

Chemical analysis showed the fouled water to contain about the

same excess of ammonia as when living animals were used. When,

however, the values are calculated out for unit weight of animai per

litre of water per hour, the enormous contaminating influence of dead

organic matter, as compared with that of the living, is rendered

apparent. Thus on an average of the three analyses, 2.88 mgm, of

free, and 2.04 mgm. of organic ammonia were added to the water,

whilst in the twelve analyses of water fouled by living animals, the

average additions were respectively only .250 and .230 mgm., or

about a tenth as much.

The Effects of Plutei.

In the paper already referred to, mention is made of two ex-

periments in which the larvai were grovvn in water in which another

batch of larvse had already developed. A diminution in size was
thus efifected, due presumably to the influence of the products of

larvai metabolism. It was determined in the present instance to

repeat and extend these observations, especially in order to determine

if larvai were more afi'ected by their own excretory products than

by those of other species, after the manner of their reaction to the

excretions of the adult organisms. The experiments made are given

in the accompanying table.
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in Expts. 16 and 17, Strotigylocentrotuti larvse grown in Strongijlo-

centrotus-iovX^^ water were diminished by 2.3^, but grown in

Sphcerechinus-i^wX^^ water, by 1.%%. On the other band Ecìiinua

larvas in Stro7igylocentrotus-io\x\Qà. water failed to reach the full

larvai stage at ali. Taken as a whole therefore these results cannot

be held to decide defìnitely in either one direction or the other. As

they were so variable, and so troublesome to carry out, they were

not continued any further. The nurabers representing the percentages

of ova reaching larvai development also fail to point either one way

or the other, they being roughly inversely proportional to the diniinu-

tion effected in the size of the larvse.

On the right side of the table are given the absolute amounts

of ammonia in the fouled water, and also the excess of this ammonia

over that present in the water in which the normal larvie were

grown. It ueed scarcely be said that wheu Echinus larva; were grown

in the fouled water, other Echimis larva;, to serve as the standard

of coniparison, were at the sanie tinie grown in normal tank water.

On an average, the composition of the water, as far as the ammonia

is concerned, is about the sanie as that present in the previous ex-

periments on the fouling eftects of various animals; but, as might

be expected, it is not nearly so variable. It obviously depends closely

upon the number of larvie which had been developing in the water,

and the number of days of development.

The Effects of Certain Salts on Larvai Growth.

We have seen that thus far no definite due has been obtained

as to the nature of the particular products of excretion which may
cause either a positive or a negative effect on larvai growth. They

were shoWn not to be simple organic bodies as urea and urie acid.

Is it possible that they may bè of an even simjiler nature, such as

ammonia itself, or some of its derivatives as the amines and

amido bodies? Wìth reference to these latter bodies, no observations

were made, but the results obtained with the simple salt, am-
monium chloride, tend to show that ammonia derivatives may
be a very important factor in the question, These results were as

follo w:



400 H. M. Vernon

Numlier

of

Expt.



The Relations between Marine Animai and Vegetable Life. 401

and nitrate are kept below the above mentioned limìts. In Exp. 139

on the other hand, when .3730 qra. of nitrite was added, the marked

diminution of 8.9^ was etfected in the size of the larvai.

These results therefore show that the nitrification of ammonium
salts by the action of bacteria has a very favourable effect upon the

physiological piopeities of the water, and also that nitrates are

distinctly less injurious to animai life than nitrites. But in that these

latter salts only exert such au action wheo preseut in considerable

quantities, it would seeni to be a matter of little moment whether

the nitrification proceed its complete course, or stop at the stage ol'

formation of nitrites.

Part 3. Miscellaneous.

The Effects of Aeration on the Purificatiou of Water.

Aeration has commonly been regarded as one of the chief agents

in the purification of naturai waters such as river and well waters,

and it is also generally regarded as one of the most important aids

we possess for increasing the purity of aquarium water. Doubtless

it is very necessary to aerate the water of an aquarium well, in

Order to provide sufficieut oxygen for the respiration of the animals

contained in it, but the actual aeration can in itself bave but little

of that oxidising influeuce on organic impurities which is commonly

attributed to it. Thus in a former paper', where I bave given some

120 analyses of the gases in the Aquarium tank water, it may be

seen that in no case did the amouut of oxygen present in the water

sink below 3.28 ce. per kilogram of water, or below about 57^ of

the amount present in water fully saturated with air. As there is

always, therefore, a considerable proportion of oxygen present in the

water, the oxidising effect exerted upon organic impurities will be

little greater if the tension of the oxygen is at its maximum value,

or only half as much. The aeration also removes small quantities

of the excess of carbonio acid gas dissolved in the water, but how

small this quantity must be, and what a small influence is thereby

exerted, is proved by the following experiment, given in the paper

just referred to. Thus analysis showed that the Aquarium tank

water contained about 50^ more carbonic acid dissolved in it than

1 Jouiu. Physiol. Cambridge Voi. 19 1895 p. 70.
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open sea-water. Nevertheless, after drawing a rapid ciirrent of air

through aboiit a litre of this water, for the space of four liours, only

9^0 of the carbonio acid was driven off. In fact, most of the carbonic

acid excreted by the animals into the water enters into unstable

combination with the salts present in solution. Hence aeration can do

bnt little to remove it, whilst most of the harmful influence its presence

might exert on the animai life is prevented. Perhaps aeration may
have a favourable etfect in checking the growth of harmful bacteria

which multiply only when the oxygen tension of the water is low,

but upou this poiut nothing definite is known. The experiments on

the effects of exposure of water to sun and air on the one band,

and to the sun only on the other, tend to prove that just the reverse

is the case, and that aeration causes an increased production of

harmful bacteria.

The observations made on the elfects of aeration of the water

on the growth of sea-urchin larva? bear out our theoretical conclusion.

In the first experiment given in the accompanying table, the water

was aerated by allowing it to fall as a fine spray through a height

of 1 .8 metres. The process was repeated twice, but larvjt' grown in

the water thus aerated proved to be A.2% smaller than the normal.

This was probably due to some unknown error. In the next three

experiments, the water used was aerated by shaking it up violently

in a large flask frora time to time, over periods of several hours.

The larva? are on an average 2.3^ larger than the normal; hence

it is possible that excessive aeration may have a slightly favourable

ettect, though if the mean of the four experiments made be taken,

the positive influence averages only .05^, a negligeable amount.

Also as a mean of the four experiments, 68^ of the fertilised ova

reached the larvai stage, or practically the same as in normal

water.

Number

of

Expt.
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One would expect the ammonia present to be slightly diminished

by the aeiatioa, and such proved to be the case in two out of the

three experiments. In Exp. 122, on the other band, it was distinctly

increased.

Aeration of the water seemed to afifect its bacterial qualities

as little as its chemical and physiological, as the following results

show.

Nature of water
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organisms, or are the ebanges of same other nature, such as a

reducing one? The frequent occurrence of Ditrifyìng organisms in

fresh water has been deraonstrated b}^ Uffelmann, Adametz, and

others, whilst Gayon and Dupetit, and also Heraeus, bave shown

the existence of denitrifying organisms*. In the present instance, it

was thought sufficient to determine only the nitrites present in the

water, as a fair eriterion of the nitriiication taking place can thereby

be obtained, and moreover their determination is so very much simpler

than that of nitrates. The method adopted was that of Preusse and

Tiemann2. This is a quantitative colorimetrie method depending

on the yellow colouration, due to the formation of triaraido-azobenzol,

produced on the addition of metaphenylene-diamine solution to the

acidified water. Standard solutions containing 1, 2, 3, 5 and 10 ce.

of a .001^ solution of N2O3 in 100 ce. of water, were freshly made

up each time, and by comparing various thicknesses of these solutions

with the water under examination, by meaus of the colorimeter

previously described, fairly accurate determinations were made. In

that the colour of the standard solutions is not arithmetically pro-

portionate to the amount of nitrite present, and in that it increases

gradually on keeping, the method can, however, yield only approximate

results.

Determinations made at intervals of a week or two during the

months of September and October showed the normal Aquarium tank

water to contain .054, .076, .121 and .108 mgm. of N2O3 per litre,

or on au average, .090 parts per million of water. A specimen of

sea-water collected 5 km. from the shore contained .022 mgm.

Specimens of water kept in darkness for 35 days were fouud to

contain only .013 and .018 mgm.; those kept 46 days .027, .00, and

.009 mgm.; and a specimen kept 66 days .00 mgm. Thus it follows

that so far from the bacteria oxidising the ammonia present in the

water to nitrites, they remove a considerable proportion of those

already present. It is of course possible that the oxidation may
bave progressed as far as the nitrate stage, but if so, the above

results show that this process must bave been nearly corapleted after

35 days. That the water may contain nitrifying organisms is shown

by the analysis of a specimen of water Avhich had been heated to

100" C. and then kept 46 days in darkness. At the end of this time.

' Untersuchuug des Wassers p. 497.

2 Ber. D. Chem. Ges. 11. Bd. 1878 p. 627.
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when other but unheated specimeus of water contained on aa average

only .012 nigra. ì^2^:\ì this specimen contained l.OSOmgm., or ninety

times as much.

Vegetable life other tlian bacterial seems as a mie to slightly

increase the i)roportion of nitrites present. Thus a water which before

filtration through sand impregnated with diatoms and algfe contained

.054 mgm., after it contained .067 mgm.; another specimen, .100 mgm.

before, and .135 mgm. after. Another specimen, which had been

fìltered very slowly through Aquarium sand (1 litre in 80 miuutes),

contained .693 mgm. after larvju had been allowed to grow eight

days in it, whilst water filtered rapidly through the same sand

(1 litre in 4 minutes), contained only .045 mgm. after the larvai growth.

The normal larvai water contained .100 mgm. Again, a specimen

of water kept 35 days in diffuse light, whereby it was subjected to

the action of diatoms, contained .108 mgm. of N2O3. Stili again,

water in which .6 gm. per litre of the red weed Gelklium had been

left live days, contained .360 mgm., and water to which was added

.7 gm. per litre of Gelidium with founds of Viva attached to it, con-

tained after eight days larvai grow^th .630 mgm., as against the

.450 mgm. of N2O3 present in normal larvai water.

The growth of larv« in a water seems generally, but not always,

to increase the proportion of nitrites. Thus after eight days' growth

in normal water, the increase was found in two cases to be from

.054 and .070 mgm. to respectively .100 and .495 mgm. This increase

probably depends chiefly upon the amount of organic impurity

originally present in the water, and is but little atfected by the

larvai metabolism itself. Thus open sea-water, which originally con-

tained .022 mgm. of N2O3, after eight days' larvai growth contained

only .036 mgm. That it is the organic impurity present, rather than

the amount of available ammonia, is shown by an experiment in

which .0394 gm. of ammonium chloride was added to the water.

After eight days' larvai growth, this water contained .108 mgmN2O;;,

as against the .100 mgm. present in the normal water. The amount

of nitrification varies considerably in different cases, it probably

depending upon the number of nitrifyiug organisms in the water.

Thus in Expts. 97 to 104 inclusive, the various specimens of water

contained on an average .087 mgm. N2O3 after eight days' larvai

growth. In Expts. 120 to 129 they contained on an average .140 mgm.,

but in Expts. 130 to 138 no less than .322 mgm. This considerable

increase in the amount of nitrites was present in every experiment

Mittheilungen a. d. Zool. Station zu Neapel. Bd. 13. 27
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but No. 134, the above mentioned one in which open sea-watev was

used. It would tlierefore seem that the specimens of water used

must bave contained some more than usually powerfiil uitrifying-

organisms.

Of the other observations made, only a few need be referred to

bere. Thus in an experiment in which .5615 gm. of potassium nitrate

per litre had been added to the water, only .207 mgm. N2O3 was

present after eight days' larvai growth, as against the .450 mgm.

present in the normal water. It would therefore seem that the nitrites

formed in the water are not due to a reduction of the nitrates which

happen to be present, but must be due to processes of oxidation.

The nitrifying process seems unfavourably atfected by aerating

the water by violent shaking. Thus shaken water was found in two

experiments to contain respectively .067 and .243 mgm. ì^^^ò after

eight days' larvai growth, as against the .101 and .450 mgm. present

in normal water.

With respect to the experiments on the fouling of water by

other organisms, it would seem that no increase in the nitrites is

present either before or after the growth of larva;. Thus water, fouled

by a putrid Sphcèrecldnus contained .100 mgm. N2 0;j, and that by

Strongylocentrotus^ also .100 mgm. The normal water before fouling

contained .121 mgm., and hence some immediate reduction of nitrites

must bave taken place. After eight days' larvai growth, the Sphrnr-

e<7/m^^^s- fouled water contained .252 mgm., and the other water

.360 mgm., as against the .450 mgm. present in the normal water.

The Arm-Length Measurements.

In addition to measuring the body lengths of the larvse, a second

measurement, that of the aboral or anal arm length, was made as

well. By this means it was hoped to derive additional Information

as to the phj^siological effects of the various specimens of purìtied

and fouled water. Thus, as has been shown with some detail in the

paper already referred to ', the arm lengths of the larva) are not by

any means always efifected to the same extent, or even in the same

direction, as the body lengths, on change of environmental conditions.

For instance, increased temperature during development causes a

diminution in the body length, and an increase in the arm length:

dilution of the water, an increased body length, and no efifect at ali

1 ibid. pag. 601—612.
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on the arm leugth. It was also shown that, in contradistinctiou to

the body lengths, the arm lengths vvere greatly affected by the number

of larvse developing together in a given volume of water. In order

to get rid of this very variable environmental factor, it was there-

fore neeessary to introduce a correetion, whereby every arm length,

whatever the number of larvae which had been growing together,

was converted into its theoretical value at infinite larvai dilution.

The same correetion has been introdueed in the aual arm length

values obtained in the present instance, and these corrected values

are given in the last column of the table at the end of the paper.

In the last column but one are given the mean uncorrected arm

length values. It is to be noted that the aetual length of the arm

was always calculated as a percentage on the body length of the

larva, and hence these mean numbers represent the percentage, and

not the absolute arm lengths.

It will be convenient to briefly discuss the arm length data in

the same order as was previously observed with those of the body

length. In the following table are given the variations produced by

the action of algae and diatoms upon the water. These values are

calculated as percentages on the (corrected) arm lengths of the larvse

grown under normal conditions.

Numbers of Expts. Treatment of water
"/o Variations in arra

length

Mean
Varia-

tion in

arm
lengtli

40, 39, 9, 9;ì

43,41, 108,24, 89, 2

94, 95, 9G, 132

54, 90, 92, 91

42, 68, 133

55, 63, 65, 99, 100,

123, 124, 125, 126

73, 129

Water previously exposed to action +3.9, +24.7, +24.7,

of Ulva

Ulva present during larvai develop-

ment

Water previously exposed to action

of Gelidium ete.

Gelidium etc. present during de-

velopment

Gelidium + Ulva present during

development

Water filtered through sand con-

taining vegetable growth

Water previously kept some weeks

in diffuse liglit

—23.8

—.3, —.5, —.6, +66.7,

—21.8,-3.9

—27.0, —19.1, +0.0,

+ 12.3

+ 6.4, —9.9, +8.1,

—5.1

+ 18..5, —12.2, +12.6

—8.5,— 6.5, +.1,-21.4,

—25.4, —2.4, —7.7

+ 24.1, +6.4

+ 20.6, —11.3

27*

+ 7.4

+ 6.6

—8.4

— .1

+ 6.3

—4.6

+ 4.6
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It will be Seen that in tbree out of the four experiments in

which the water was previously exposed to the purifying action of

tbe alga Uha^ an iucrease in the arm length resulted. In four out

of tbe six experiments in which tbe larva? were grown in contact

witb the alga, practìcallv no elfect was produced; but in one of the

remaining two experiments a very marked increase in tbe arm length

was present, and in tbe otber a considerable decrease. These great

variations must be set down to some unknown causes. Tbe action

of the Ulva itself would seem to be either nil, or slightly positive.

The action of the red weeds would seem to be also very slight,

though red weeds in company witb green ones perbaps exert a

slightly positive effect. It is to be noted, however, that an apparent

absence of effect upon tbe arm length really means that this part

of the orgauism is afifected by the environment to the same degree

as the body lengtb, wbatever that may bappen to be; for, as already

mentioned, these àrm lengtbs are percentages on tbe body length s.

Tbe effect of filtration of water tbrougb sand impreguated witb

vegetable growth would seem to be a distinctly adverse one. Thus

in six out of tbe nine experiments made a dimiuution resulted; in

one there was no change at ali, and in only two was there au in-

crease of arm length. Tbe mean dimiuution is only 4.6^, wbilst

the mean increase in tbe body length of the larvse in these ex-

periments has previously been sbown to be i.2%. It follows, therefore,

that the absolute arm lengtbs of tbe larva? were practically uuchanged.

The observations on the influence of alg« are therefore somewhat

variable and indefinite, but in any case they serve to prove that no

marked effect is brought about. The observations on the efifects of

bacteria are mucb more definite, as tbe following table will show.

Numbers of
Expts.

Treatment of water %Variations in arm
length

Mean Varia-

tion in arra

lensth

25, -ól, 61,62

26, 38, 60

78, 79, 82, 83,

118, 116, 119,

128

77, 98, 121, 85

15, 57, 102

112, 122, 131

Water previously exposed to sun and
air

Water previously exposed to sun onlj^

kept some weeks in

darkness

Water previously fìltered tlirough as-

bestos

Water previously lieated to 100° C

- 50°—77°

+ 47.8,— 35.2, +11.1,
—41.7

—6.8, —18.4, —5.9

+ 26.0, +30.4, —.5,
—6.7, +20.9, +27.6,

+ 42.0,-7.7

+ 20.2, —11.3, +27.0.
—13.6

—24.6, —49.5, —1.7

—1.8, —4,2, —4.3, + 6.1

— 4.5

—10.4

+ 16.5

+ 5.6

—25.3

— 1.0
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In the four experiments made with water exposed to the sun

for four or more days in a covered jar, there is an average diminu-

tion of 4.5^ in size. As the numbers are very variable, little relianee

can be placed on this result. On the other band, with water exposed

to the siin in a flask filled up to the neck, a negative etfect was

produced in each case, this amountiug on an average to 10.4^. In

that the body lengths in these particular experiments were found to

increase on an average by 16.7^, it follows that there was still an

increase of 6.2^ in the absolute arm length.

With water purified by beiug kept in darkness for some weeks,

the increase in arm length is very marked, it amounting on an

average to 16.5^. The increase in body length in these particular

experiments averaged 7.5^, hence the arm tissues bave reacted

much more than the body tissues to the environmental change. With

water filtered through asbestos there is also a slight increase in arm

length, though the figures are too variable to place much relianee

in. A previous heating of the water has, on the other band, a totally

dififerent influence upon the growth of the arm and of the body tissues

Thus we bave previously seen that larvae grown in water heated to

100° bave their body lengths increased by 6.9^, and those in water

heated to from 50" to 77", by 5.6^. The arm lengths on the other

band are diminished by no less than 25.3^ with water heated to

100° but are practically uninfluenced by water heated to 77°. This

seems at first sight an almost inexplicable result, as indeed to severa!

of the other results arrived at, but probably they may ali of them

rightly be ascribed to the effects of bacterial growth. Thus in the

former paper it was shown that in these larvse the first stages of

body growth are very much more rapid than those of the arm growth,

whilst later on the reverse is the case. For instance, at the end of

the third day the body bas grown to 90.6^ of the length it will

attain on the eighth day, whilst the anal arm has reached only

63.8^. It follows therefore that if the tissues of these larvse are

afifected by bacteria at ali, those of the body will be most influenced

by the bacterial condition of the water during the first two or three

days of development, and those of the arms by its condition on

the subsequent days. For instance, in these experiments on the

etfects of previously heating the water, the water must at first

bave contained much fewer bacteria than the normal tank water.

On the second day, however, it was found that the numbers of

bacteria in the heated water were on an average the same as
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in the normal, whilst on the eighth day they were considerably in

excess.

Thus far we have seen only the efifects of purified water on the

arm lengths. In the following table are given the effeets of foiiled water.
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in most cases produce» also a decrease in the body length, this

amounting on an average to 4.4^. In the two instances in which

the water was fouled by Arbacia and by Dorocidaris^ a positive

effect was produced on the body length; but nevertheless, the arm

lengths were negatively alfected. The results obtained with water

fouled by putrid Echinoids are not quite parallel for the arm and

body lengtbs. Thus in only one out of the five experiments made

was there a decrease in the arm leng-ths, whilst in three out of the

five there was a decrease of body length. There is in fact an average

inerease of 6.1^ in the arm length. but an average decrease of

\.\% in the body length. Again, the results obtained with Plutei-

fouled water are also rather irregulär. Thus in two out of the five

experiments made there is a pronounced positive effect on the arm

lengths, so that on an average the diminution is only \.%%. The

body lengths on the other band were in every case afifected un-

favourably, the average diminution being 5.0^. As a whole, however,

these results show plainly that whatever effect may be produced in

the body length by the fouled water, be it either positive or negative,

a sìmilar but more marked effect is produced in the arm length.

The few experiments made with salts are also included in this

table, and they more or less confimi this conclusion as to similarity

of etfect. Thus in the experiments made with respectively ammonium
Chloride, potassium nitrite, and potassium nitrate, the average Varia-

tion in the length of arm is —24.1^, +7.1^ and 4-3.1^, and in

the length of body respectively —13.1^, —3.4^ and + .5^. The

unfavourable effect of the ammonium chloride on both the arm and

the body lengths is thus very striking; but nitrites and nitrates, in

small quantities, probably bave little or no efiect on either.

Finally, in the last line of the table, are given the effects pro-

duced by aeration of the water. In every case a distinctly favourable

effect was produced, this amounting on an average to \1.^%. This

is a mudi greater effect than that produced on the body length,

which amounted on an average to only .^%. It is presumably due

directly to the increased aeration, as the bacteriological observations

made did not show much change in the numbers of germs present.

The Chemical and Physical Properties of Aquarium Water.

In eaeh of the series of experiments made on larvai development,

the Aquarium water in which the fertilised ova were placed was
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examined as to its chemical and physical properties. These obser-

vatioDS, together with a few addìtional ones made from time to time,

are collected together in the accompanying table.

Date

Tem-

perature

of

water

Corrected

Specific

Gravity at

15.5fi°C.

Amonnt, in

mgm. per

li tre, of

free

NH3
Organ,

NH3

Date

Tem- Corrected

pera ture Specific

of

water

Gravity at

1 5.5(5° C.

Amount, in

nigm. per litre,

of

free

NH3
organ.

NH3

- ^

9. IV U.b"

10.

22.

5.V

14.

24.

29.

2. VI

11.

16.

22.

1.3.7"

14.58"

16.38"

15.82"

16.94"

17.9"

18.9"

19.42"

19.28"

19.20"

1.02859

1.02879

1.02883

1.02875

1.02866

1.02897

1.02898

1.02883

1.02880

1.02893

1.02894

.236

.185

.215

.235

.202

.223

.208

.268

.227

.224

.182
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Date
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.145, .142, .173, .222 and .247 mgm. of free ammonia, and .098, .116,

.127, .185 and .193 mgm. of organic ammouia to be present.

There seems to be a relation between the amouuts of organic

ammouia present in the water, and the percentages of fertilised ova,

which, on development in this water, reached the eight days' larvai

stage. Thus in the five experiments in which 52^ or less of the

ova reached full larvai development, the organic ammonia present

amounted on an average to .166 mgm., whilst in the remainiug eleven

experiments, in which 63^ and upwards developed, it averaged only

.131 mgin. The values for the free ammonia were respectively .221

nnd .219 mgm., or practically the same.

The two sets of ammonia values in the table which are enclosed

in brackets, are for water drawn oif through one of the taps, and

not taken from the large tank of the Aquarium. The ammonia present

is considerably smaller in their case, though of course the specific

gravity is unaltered.

Practical Conclusions.

Thus far only the experimental work itself has been described

and discnssed. What are the practical applications of the conclusious

arrived at, especially with regard to the maintenance, in as efficient

a manner as possible, of marine aquaria on a large scale ? To con-

sider the results in the order already described, we have seen that

algse, both green and red, if they cau be kept in a healthy condition,

may exert a considerable purifying influence on the water. There

is no fear that in a marine aquarium the vegetable life will ever

outweigh the animai, and hence as many and as varied weeds as

possible may be introduced. Thus the green weed Caulerpa has

recently bcen introduced into one of the tanks at the Naples Aquarium,

and appears to be living healthily. Ulva also keeps in good con-

dition, but red weeds are apparently unable to flourish for any length

of time. Probably the water itself is initially too impure for these

weeds to have a chance of growing, but if the water could once be

obtained in a purer coudition, there seems to be no reason why they

should not grow in it, and help to maintain the higher standard of

purity. As previously mentioned, Warington found that these red

weeds thrived best when placed in a very dull light, and the few

observations raade on the subject confirmed this conclusion. Thus

several species of red weed, introduced into a very dimly illuminated
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tank, were found to be in a perfectly healthy condition six weeks

later, whilst such weeds when 'introduced into brightly illuminated

tanks with white marble floors began to decay within a week

or two.

Probably a more potent factor than the macroscopie alga3, both

for good and fov e vii, is to be found in the Dìatomace« and the

microscopie algie. Thus we bave seen how rapidly sand impregnated

with this vegetable growth can remove the ammonia frora the water,

bat we also saw that if the circulation of the water were diminished

to at ali a slow rate, it immediately became contaminated with more

ammonia than it originally contained. This lowly organised vegetable

growth appears to be exceedingly sensitive to the least defect of the

water which brings it its food material, and hence it follows that

the vegetable slinie which becomes deposited in the tanks of aquaria

rapidly becomes a contaminating agency. A layer of slime so thin

that ali strafa of it get suffìcient circulation of water, is a liighly

eftìcient purifying agent, but once the lowest Stratum is deprived of

this water, it begins to decompose. In order to effectually make

use of the purifying action of diatoms and algie, it would seem to

be necessary to filter the water, at one part of its circuit, in a con-

tinuous stream through a hiyer of sand impregnated with this vege-

table matter. In the Naples Aquarium the water is only pumped

for every alternate two hours, and hence, if it were required to purify

this water after it had run out of the tanks, it would bave to be

coUected in a subsidiary reservoir, from which it could filter in a

continuous stream through a layer of sand. This layer need not be

of more than a few centimetres in depth, though it would probably

bave to be renewed every few weeks owing to the multiplication in

its substance of bacteVia which are carried away by the water. This

increase of bacteria in the water could of course be obviated by sub-

sequently filtering it through a deep sand filter, such as is used in

water works. As to the best rate of filtration, the data obtained on

the small scale seemed to show the faster the rate the better, and

that with a layer of sand about 16cm. in depth the greatest possible

rate, i. e., at 20 to 30 litres per superficial Square metre per minute,

is the best. Needless to say, a filter of this kind would bave to be

exposed to daylight.

Should it, on the otlier band, be diftìcult to arrange for the

filtration of the water in a continuous stream, or for the sand itself

to be exposed to light, a bacterial sand filter could be employed
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instead. For this purpose a larger superficial area of sand would

be required, and the rate of filtiation would bave to be slower. In

this case also a considerably greater depth of sand would be bene-

ficiai. Again, it wonld be necessary for the water, previous to its

passing through this filter, to pass through a smaller subsidiary one

of coarse sand, so as to remove the particles of suspended matter

in it. Thus this suspended matter, heiug mostly of a chlorophyll-

containing vegetable nature, would, wlien deposited on the sand in

the absence of light, rapidly undergo decomposition. The sand of

the subsidiary filter would therefore need to be frequently renewed,

hut that of the chief filter probably only seldom.

With regard to the utilisation of sunlight as a purifying agent,

it would seem to be scarcely worth while to make special arrange-

ments to expose the water to its iufluence. No doubt some of the

bacteria present would be killed, but as we have seen, even several

hours' exposure does not effect very much in this way, whilst on

subsequently keeping the water in diffuse light, the unharmed germs

begin to multiply rapidly, so that the water becomes bacterially less

pure than betöre.

In Order to fully utilise the purifying action of the bacteria in

the Avater, it would seem to be necessary to bave exceedingly large

reservoirs, in which the water could remain for days, and preferably

for weeks. Probably this would not be possible in most instances,

but in any case it would seem advisable to have the reservoirs as

large as possible. Great care should be taken to remove the Sediment

as frequently as possible, for, as an experiment previously described

proved, this deposit soon undergoes decomposition and effects a marked

contamination of the water. Supposing the plan were adopted of

filtering through sand the water which ran away from the tanks,

this source of impurity would of course be largely avoided.

With regard to aeration, we have seen reason to think that

the purifying effect of this ageucy has been much over-rated. It

is of course necessary to keep up the percentage of oxygen in the

water, but a good deal would be done in this way if alg» could

be successfully maintained. There does not appear to be any very

simple method of determining the amount of oxygen dissolved in the

water; but it would certainly be worth while, should any doubt be feit

as to whether the aeration employed in a particular case were more

or less than was really necessary, to make daily determinations of

the oxygen for a period of some days or weeks, during which the
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conditions of aeration were purposely varied. The niethod employed

might be either direct gas analysis, or the simpler method of

SCHÜTZENBERGERand RiSLER 1.

The free and organic aramonia eould of course be easily as-

certained from time to time, and a very fair criterion of the amount

of fouling of the water be thus obtained.

If the water in an Aquarium is but seldom renewed, it would

be advisable from time to time to make careful determinations of

the specific gravity, and if necessary, diminish the salinity by the

addition of fresh water. This could of course be easily done in a

large aquarium by allowing fresh water to flow continuously at the

required rate into oue of the large tanks or reservoirs. A sudden

addition of the water necessary to reduce the salinity to the normal

might bave disastrous conseqiiences. Thus delicate pelagic animals

are especially aflfected by changes of salinity, and probably one of

the chief causes of their ver}' short life in aquaria is due to the

shock of sudden transference from open sea-water to the denser

aquarium water. Tu the few comparisons made, the salinity of the

Naples Aquarium water was fouud to be on an average about a

hundredth j)art more than that of the open sea-water: an apparently

very small amount, but nevertheless enough to cause a difference of

about 180 mm. of mercury in osmotic pressure. To reduce this specific

gravity to the normal, it would bave been necessary to add about

5000 litres of fresh water to the cireulating water of the Aquarium,

for the total volume of this amounted to about 500 cubie metres.

General Conclusions.

In addition to their practical hearing, the observations and ex-

periments described in this paper may be held to throw some light

on the processes of water puritìcation taking place on a vast scale

in nature. They may, I think, be taken to show that as far as sea-

water is concerned, by far the largest amount of puritìcation is

effected through bacterial ageucy. In that nine tenths and more of

the water of the ocean is plunged in darkness too deep for the growth

of any Chlorophyll containing organism , one must conclude that

bacteria and bacteria alone are there the source of purificatioo. Next

to bacteria probably come the Diatomaceae and the minute algae.

1 Untersuchung des Wassers pag. 288.
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which are suspended in the water, and to a lesser extent deposited

on the sand of our sea shores. Owing to the immense quantities in

which they oecur, and the rapidity with which they can act, they

probably exert a very much greater purifying effect than the larger

algse, which can grow only in shallow waters in the neighbourhood

of land.

These experimental results also have a hearing on the purification

of fresh waters. Probably in their case the action of bacteria is in

comparison not so great as for sea-water. Thus it is only seldom

that fresh water occurs in lakes at such depths as to be in absolute

darkness, and water which has filtered through moderate depths of

soil seems to be thereby rendered almost if not quite bacteria free.

On the other band, alg?e grow abundantly in almost all rivers, but

})robably eveu in them the minute alg?e and Diatomacese are the

more powerful ageucy. Thus in all but the foulest streams there is

a layer of vegetable growth deposited on the stones and grains of

sand in the bed of the river, which is continually exerting its purifying

action. The rise and fall of the level of the water in rivers causes

a continuous circulation of water backwards and forwards through

this vegetable layer on the river bed, whereby the purifying action

is greatly increased.

This purifying action of alga?, diatoms and bacteria is becoming

more and more recognised every day. Thus Pettenkoper ^ considers

that the self-purification of river-water depends more on vegetable

life than on any other agency. Low 2 also thinks that algte play a

considerable part, and he mentions several instances in which fresh

water algse have been proved to thrive and increase in weight in

water containing putrefactive and other organic bodies. To me it

seems that vegetable life is practically the only agency in the

purification of water. True, the solid matter suspended in the water

is removed by mechanical deposition and filtration, but practically

nothing but vegetable life can get rid of the dissolved impurities.

Aeration and mechanical disturbance of the water can do little or

nothing directly. Sunlight indeed kills some of the bacteria, but

these would die of themselves without any such agency, once the

water became purified through the vegetable life it contained.

As regards the methods employed in this research, it may be

1 Arch. Hyg. 12. Bd. pag. 269.

^ Arch. Hyg. 12. Bd. pag. 261.
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concluded that none of thein singly can be beici to afford an exact

estimate as to the purity or otherwise of a water. Combined however,

the evidence they afford is mudi more trustworthy. The adoption

of a physiological test of the purity of a water is, I believe, a method

not hitherto employed. Whether it could be profitably used for test-

ing the purity of fresh waters, is somewhat doubtful. Probably for

testing drinking waters it would be of little avail, as ali of tbese

should be in such a high state of purity that the slight differences

actually occurring in them could effect but little in the rate of growtb

of au orgauism. For testing markedly impure waters, however, it

niight be found a valuable agent. In the present experiments, in

which Echinoid Plutei were made use of for the physiological test,

it may perhaps be objected that the larvai were never fed, and hence

had to subsist on the animai matter already present in the water,

and that therefore, the more of such matter a water contained, the

greater ought to be the size of the larvai. This criticism is probably

not valid, as most likely these larva? do not feed at ali up to the

eighth day or so of growtb, when they were killed and measured,

but subsist on the food material originally present in the ovum. Thus

Daveni'Ort has shown ' that frogs' embryos, though they increase about

sixfold in absolute weight during the first ten days of development,

contain at the end of this period less solid material than the originai

ova. The increase in weight seems to be entirely due to the im-

bibition of water. Again, the mere fact that the larva? grown in

pure open sea-water werg some 16% larger than those grown under

similar conditions in Aquarium water, shows there can be little in

this argument.

S u mma r y.

The following are the chief conclusions^ arrived at in this paper:

Green weeds such as Ulva rapidly remove the free amraonia

from Aquarium tank water, but they slowly increase the organic

ammonia. Larvse grown in water thus purified are as a rule increased

in size. When grown in direct contact with the alga, they are

generally decreased in size, but an increased proportion of the fer-

tilised ova develop to larvai.

1 Proc. Boston Soc. N. H. Voi. 28. 1897 pag. 73.

2 An abstract of these results has been published in the Proc. R. Soc.

London Voi. 63 pag. 155.
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Red weeds as Gelidium generally cause au increase in the free

as well as in the org-anic ammonia. They sometimes have a favourable,

but as a rule au unfavoiirable, effeet on larvai growth.

Filtration of water through sand niay remove almost all the free

ammonia present and a third or more of the organic ammonia, this

purification being elfected by the layer of diatoms and algse on the

graius of sand. Sand kept in darkness may also effeet great puri-

fication, in this instance through bacterial influence. Larva grown

in water thus purified are iucreased in size some A.1%.

On keeping water in diffuse light for some weeks, nearly all

the free ammonia disappears owing to the multiplication of the small

quantities of alg?e and diatoms originally present. The organic am-

monia is at the same tirae increased, but larvse grown in the wafer

are greatly increased in size.

Larvse grown in water previously exposed under certain cou-

ditions to fhe sun, are greatly increased in size. Sunlight, though it

has an immediate germicidal action on the water, probably effects

no permanent bacterial purification.

On keeping water in darkness for three or more weeks, nearly

all the free, and a third or more of the organic ammonia, are

removed by bacterial action. Larva grown in water thus purified

are some l.f)% larger than the normal. As far as the ammonia is

concerned, water kept in darkness may become as pure as open

sea-wafer; but it is not physiologically so pure, for larvai grown in

the latter are 16.0_^ larger than the normal.

A very considerable purification of the Aquarium water is effected

by the layer of bacterial slime coatiug the inside of the conducting

pipes. Thus half of the ammonia was sometimes removed by this

agency, and the larvse grown in the water were 1.%% larger than

the normal.

Larvse grown in water filtered through asbestos, and water

previously heated to 50", 76° or 100°, are considerably increased

in size.

Larvse grown in water previously fouled by fish, crabs, Molluscs

and Holothurians, are increased in size, but in water fouled by

Echinoids and other Plutei, are considerably diminished. Dead

Echinoids foul the water about ten times more than most living

auimals, whilst fish and crabs foul it ten times more than Molluscs

and Holothurians.

Ammonium chloride acts very iujuriously on larvai growth, but
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potassiiim nitrite and potassium nitrato in small quantities bave no

action.

Aeration has only a very slightly favourable effect on larvai growth.

The nitrites present are greatly diminished on keeping the water

in darkness, but are inereased by vegetable growth, and on deve-

loi)ment of larvjc in the water.

The arm lengths are as a mie affected in the same direction

as the body lengths on ehange of environmental couditions, but in

the reverse direction by water filtered through sand, water exposed

to sunlight and water previously heated to 100" C.

The specific gravity and purity of the Aquarium water vary

but little at different times of the year. The salinity is about a

hundredth part greater than that of oi)en sea-water.

Mittheilungen a. d. ZooL Station zu Neapel. BcL 13. 28
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